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THE GENETIC AND THE OPERATITE EVIDENCE EEUTIN6 
TO SECONDARY SEXUAL CHAKACTEKS. 



Bt T. H. Moioan. 



PARTI. 



There are a few racee of poultry that have two kinds of males, one 
with the feathering of the ordinary cock, the other with the feathering 
(A the hen. The Hamburss and the Campine§ are perhaps the best 
known races of this sort. Convention amongst breeders, in certain 
countries, has determined that the cock-feathered bird shall be the 
standard, and at other times and places that the hen-feathered males 
shall be the show birds. In one breed, at least, vii, the Sebright 
bantams, the hen-feathered cock is the only known type. Cock- 
feathered Sebrights have never been seen, so far as I know. This 
breed is pure for hen-feathmng. As shown in plate I, figure 3, the 
male Selnight lacks the long, pointed saddle feathers at the base of 
the tail of the common cock, fdso the peculiar back and neck feathers 
(hackles) of the cock bird, as well as the male feathering on the bow 
of the wing. His feathers in these parts are almost exactly like those 
of the hen (plate 4, fig. 4). The long sickle feathers covering the true 
tail are also absent, although the two median ones sometimes occur 
in males of this race. 

The Sebrights seemed excellent material for studying the heredity 
of this type of plimiage iu the male. In 1911 I be^an to study this 
problon, and crossed Sebrights to Black-Breasted Game bantams. 
The latter race was chosen not only because the males have the typical 
cock-feathering, but also because the coloration of these birds res^nbles 
very closely that of the jungle-fowl, from which many, perhaps all, of 
our domesticated races have sprung. 

In dissecting some of the Ft birds from this cross I noticed that the 
testis of the male was often more flattened than is the testis of the 
typical male bird, that it was often somewhat pear-shaped, and that 
frequently it was in part or entirely black. Recalling that male 
Sebrights are said to be often partially sterile, the idea naturally 
Buggeeted itself that these birds are hen-feathered because the teetee 
have assimied some of the characteristics of the ovary. It had long 
been supposed, and had been finally established by Goodale, that the 
presence of the ovary in the female suppresses her potential develop- 
ment at phmu^, for when the ovaries of the ben are diseased or 
removed she develops the ptunu^^ of the male. This reasoning led 
me to try the experiment of castrating the hen-feathered males in 
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6 THE QENBTIC AND THE OPERATIVE EVIDENCE 

order to see if they would become cock-feathered. The outcome was 
immediately ^parent; the new feathers were those (^ the cock bird. 
While the "reasoniiig" that led to the experiment is open to serious 
questitm, nevertheless the "hint" furnished by the unusual condition 
of the testis led finaUy to the discovery that luteal cells were present 
in abundance in the testes of the male Sebright like those present only 
in the females of other breeds. Whether or not the shape of the testis 
of the Sebright, that is sometimes like that of the ovary, is connected 
with the unusiial abundance of luteal cells in the testis I do not know. 
If so, then the hint that came from their shape was not so imreasonable 
as appears at first sight. 

Tike birds first operated upon were adult Fi and Fi hen-feathered 
birds. The first one done by myself died, but a few, whose testes were 
removed by Dr. H. D. Goodale at my request, Uved and changed to 
cock-feathered birds. Since then I have operated successfully on a 
nimiber of Fi and Fi birds, as well as Sebright males. In these opera- 
tions I have had throughout the assieitance of Dr. A. H. Stiutevant 
and for two years the assistance of Dr. J. W. Gowen also. I wish to 
express my appreciation of their help and advice, for without it I 
doubt whether I could have carried out the work successfully. Since 
the m^n interest attaches to the Sebright experimoits, they will be 
described first, although they were Uie last to be performed. 

CASTRATION OF SEBRIGHTS. 

Except for the nmilarities of the plumage, the male S^right differB 
as much from the female as do cocks ci oth» races. The rose c«nb 
is very large in the male, small in the female (plate 4, ^. 3, 4). The 
wattles also are longer in the male. The cock carries himself erect, 
as do the males of other breeds. His spurs are well developed and 
he shows the aggressive behavior of his sex. On the other hand, the 
shtntness of the feathers on the hack of the neck (the hackles), the 
absence of the pointed feathers on the hack and rump, and the usual 
absence of long sickles and other tul-covert feathers make him 
heQ-4ike. The detailed account of the feathers in these critical r^ons 
will be given when comparisons are made with the feathers of the 
castrated birds (plates 6 and 8). 

&x males have been successfully operated upon and with one 
apparent exception have all given the same results. Hie birds were of 
somewhat different ages; they had been hatched about July, and were 
operated upon about Novonber of the same year, when they were 
either half grown or had nearly reached maturity. At the time of the 
operation a few feathers were removed from different r^ons of the 
body, and the new feathers that regenerated in the course of 3 or 4 
weeks showed all the characteristics of those that came in later to 
replace the juvenile or first adult coat. These regenerat«d feathers do 
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RELATING TO BECONDABT SEXUAL CHABACTBBS. 7 

not, therefore, call for special notice. AH of the new feathen were in 
shape, pattern^ and general coloration strikingly different from the 
on^nal feathov, scone of which were at first still present, the old 
feathers of course showing no change. 

After completely molting, the appearance of the birds may be 
gathered from the phott^raphs (plate 5) and from the colored drawings 
(plates 1 and 3). The male now has in all points the plimiage of a 
typical cock-feathered male bird of other breeds. This is startlingly 
apparent in the hackle, hack, rump, sickle, and tail-covert feath»g. 
Instead of the laced feathers that are characteristic of both male and 
female, the whole upper surface of the bird appears reddish or yellowish, 
the black marginal edging of the feathers having disappeared. A 
detailed comparison of the feathers of the diffa«nt r^ons will show 
how great a chai^ has taken place. (See page 8.) 

In plates 6 and 8 the feathers from characteristic r^ons of the 
DOTmal Sebright and of the castrated Sebright are shown in pairs. 

One of the first Sebrights that was castrated was a lighter bird than 
the othere. Its lighter color was partly due to the narrower outer 
band of the laced feathers, (plate 6, figure I,) and partly to the 
lifter color of the yellow-brown center of the feathers. The bird had 
a dngle comb, but as this crops up occasionally in some stocks of 
Sebri^ts, it need not be interpreted to mean that the bird was impure 
for color factors. After being castrated the bird changed over com- 
pletely to cock-featbering and has remained in that condition for two 
or m(nv years. As shown in plate 5, figure 2, the plumage is 
evc3i more fully developed than in cock birds of some other breeds. 
The comb and wattles are, however, shnmken and pale, as in a capon. 
The bird is timid and scarcely or never cromi. When killed (May 
1919) no pieces of testes and no trace of testicular tissue at the old 
situs were found. 

The dettuls of the feathers are shown in plate 6, figures 1 and la, 
where, in each instance, one of the old and one of the new feathers 
from the same region are placed side by side. The feathers onv the 
head and hackle are yellow, even to the base. At the base of the 
hackle — the so-called cape — a few feathers have a small black tip. 
The feathers of the back are' entirely y^ow, except that where the 
fiufi b^ns there is some dark pigment. The saddle feathers are for 
the most part all yellow, but a few have at the base, near the fluff, 
Uack on each side. The tail coverts are long, with a black margin at 
their tip. The tail feathers are long, mossy, and have a black tip. 
The wing-bow feathers are all yellow, except the black fluff at the base. 
llie feathers on the crop are mostly yellow with black margin around 
the end. Those on the breast lower down are yellow with black tip 
and black fluff. 

lliere was another Sebright operated upon at the same time that was 
a darker bird (as the original feathers show, plate 8, figs. 1 to 4) . It had 
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a rose comb. The feathers that were plucked at the time of operation 
were i^laced at once by new feathers of the cock-feathered type. The 
new feathers that came in as the old ones were molted were also cock- 
tyjK, and the bird soon assumed the ccnnplete characteristic cock- 
feathering. The comb was shrunken as in castrated birds (plate 5, 

SEBRIGHT. 

Fbtea6ftDdS. 

1. On the head (a) the featben ue amall, 

duUUack wiUi liglit«riiuu^ and 
nddiflh qujlL 

2, On the hu&le (b) the f«athen an yellow 

bMdend with Uaek, ta^eatHy at 
the boae, and at the-tip outside of 
this border there is a naiTOw yellow 
bnder (iM^oadcr at base). The 
border is abaent at tip. 



CASTRATE. 
Flatea S and 8. 

1. PeathcraentiidyydlowaodiDateBleDder. 
Hhmb mi each side of the shninkeai 
eomb stand op from the hud. 

2. TT»i*lfl« en upper part of neek hare a 
Uoek base with red tip. Ihe 
outer edge, without baifouke, is 
narrow, than broader than at tip. 
Farther down the nedc the edge 
with barbulee is yellow wiUi a 
□arrow bla<^ mac;gin. 

3. In the part of the feather with baibulea 
there is a yellow emter bocdeied 
by a tvoad bUok band, eapmdaOy 
at base. In the part without bar- 
bules the feathen are yellow and 
more pcnnted. This region eqw 
cially is deepca- ydlow than in tJie 
aciginBJ Sebright. 

1. Saddle cmnsta of kog, sleodcr laeed 
feathen, except at tqi, which is red. 
Barbules an absent akng edge of 
outer third of feather. 

S. Tail eorerts kmg, oorenng tiw tafl asin 
eodc biida of oths breeds. Hie 
sickJe feathers, eqMoially the unxr 
wies, are mud) curved, with btaek 
tips; the Kai^ mafgin is largely 
gone. The feaUiefs are bdossjt, 
sometimes splotebed (this is also 
sometimes notieeable in n<xmal 
Uids). 

0. The tail feathers thensdree are afauost 
twice as luig as in narmal bird ; the 
uiqxr feathers are mere curved. 

7. Thefeathersof wing bow are like those erf 
the back of the same bod, but 
sbocter. 

8. The trap feathers are nanoww, with a 
wider blaA margm, and a few may 
be aho entirely Uadc Feathers 
on lower breast much like those in 
normal, but a litUs more pdntsd. 

figured). During the spring of 1917 it was noticed that the bird was 
gdng back towaids the hen-feathered type, and by the end of the summer 
he was in the intennediate condition, as shown by the photograph and 
by the individual feathers (plate 8, 16, 26, 36, 46). The coonb had begun 
to enlarge also. The bird was opened again (1918) and pieces of testis 
aboutasbigaspeaswere found an one side. Evidraitlya piece of the old 



8. In the middle at the back (between the 
wings) the feathers are yellow with 
Uaek mar^ at the tip. At Hx 
base there is some dark odor. 



4. The saddle is made up of typical laced 

feathers wi^ Uadc wbere the 
fluff beKin>. 

5. TIm tail oorerte are abort; the unMr 

Mtee^ eapecially the short siiUee, 
are sli^tly eurred. The sit^le 
feathers extend up ndy about half 
the length of the tail They are 
ydlow, laeed, and hare a Uaok 
margin, tending to be kist at tip. 



6. nMyeOow tail is abort and veot. 



7. "Die feathers cm the wing bow are ivao- 
tically like thoee on the ba4^but 
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SBLATINO TO BBCONDABT SEXUAL CHABACTBBS. 9 

teetis had been left behindand h&d r^genoiated. As it oilarged the new 
feathers were affected bo that the pltunage returned towards the normal 
type. The pieces of teetis were removed and a few feathers plucked 
out. The new feathers that came in were typically cock-feathea^, 
and, as the mdting proceeded during the winter and spring, the bird 
became cock-feathered for a second time as shown in phot<^piiph 
(plate 5, figure 6) and by the feathers in plate 8, Ic, 2c, 3c, 4c. Here, 
then, is an excellent example oS the connection between the gonad and 
the conditicm of the plumage. On opening this bird (May 1919) no 
pieces of testes were foimd. Hiere was a very small whitish lump at 
the situs of the old testes, which, when sectioned, showed some gland- 
ular-like tusue, not in tubules, and no evidoice of testicular tissue. 

Three other younger Sebrights of the same stock were successfully 
castrated. They were hatched in June or July and castrated in 
November of the same year. They remained quite small birds, despite 
their dongation due to the long ttai and tail coverts that they devel- 
oped. One of these birds in his cock-feathered plumage ia shown in 
plate 3, ^ure 1 . One has died, the other two are alive and markedly 
cock-feathered, as shown in plate 6, figure 2a. All three birds were 
dark red-brown, much more so than the two preceding cases, especially 
the first case. This color difference mi^t be attributed to the earlier 
age <tf the three birds when operated upon, or to a more complete 
(or lees complete) operation involving perhaps neighboring parts, or 
to the birds having a somewhat different genetic composition (t. «., 
modifying factors). There is no special reason why the operation if 
performed early should have a different result on feathers that develop 
after the bird is of adult age. Goodale has suggested that there may 
be organs in the vicinity of the testis that have some influence on the 
kind of plumage produced, and if there are such organs they might be 
ranoved in one bird and accidentally left in anotho*. It would not, 
however, be probable that the bird operated on at first had received 
one treatment and the later ones the other treatment. It serans to me 
more probable that the birds have come from different genetic strains, 
and that this genetic difference ^ves a more plausible explanation 
ctf the darker cock-feathered plumage. Goodale observed, for the first 
time I think, that the largest wing coverts of the castrated cock be- 
come longer. I looked, theref<Nre, with some interest at the condition 
of these same feathms in the castrated Sebrighta. As shown in plate 
10, ^ures 1, la, these feathers are also longer and narrower in the cas- 
trated Sebright than in the normal bird. 

The tine tail feathers of the capon are said to be longer than those of 
the cock. This holds also for the tail feathers of all of my castrated 
Sebrights. Their true tail feathers are considerably long^ than those 
cd the n(»mal male, as seen by pulling them out and comparing the 
two. Their length is concealed while oa the bird by the exeeesivdly 
long coverts that a^wpear after castration. 
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10 THB OBNITnC AND THB OPERATTVB EVIDENCE 

la 1916 I opwated on a Sd^r^t male Uuit lived for Bome monthB, 
but died in the mimmer of 1917. At the time of his death he had 
assumed a partial oock-featherlng, as shown by the feathers la plate 0, 
f^ure 3, 3a. Dissection showed that some of the testes had been kA, 
and as is then to be expected, the chiuige was incomplete. 

A MALE SEBRIGHT IHAT DID NOT BECOME CXXX-FEATTERED 
AFTER CASTRATION. 

One of the males that had been castrated with the others did not 
become cock'-feathered even after a year. Taking for granted that 
the castration bad been incomplete, the bird was opened, but as no 
pieces of the testes were to be found in the nonnal position he was 
killed and carefully dissected. There were no pieces of testes foimd 
in the normal situs. A small whitish patch of materia frcHn this re^on 
was cut into sections, but no testicular material was found in it. Then 
a large piece of the back from the r^on of the attachment of the 
testes was prepared, but as yet this piece has not been sectioned. Evoi 
were a small piece of tissue to be found, it would seem unlikely that it 
would suffice to hold back all indications of the cock-feathoing, for 
after incomplete removal of the testis there are nearly always at first 
some indications of the lack of material. The most plausible view here 
is either that some other gland may have assumed, provisiooally, the 
function of the missing testes, or else a detached piece has not yet 
been foimd. Glandular cells like the luteal cells of the ovary have 
in fact been described by some observers in other organs of the body. 
As yet I have not foimd time to make a thorough histological study 
of the tissues of this bird. 

TRANSITIONAL FATHERS. 

In several birds new f eatho^ had b^un to develop at the time tA 
the operation under the influence of the testicular secreticm. After 
the removal of the testes, these feathers continued to grow and in the 
absence d the original conditions changed ovra to the oUier type. 
The outer end of these feathers shows the original or normal shape imd 
color, while the inner end shows the new characteristics. Such feathers 
have been seen in nearly all of my castrated birds; a few from the 
Sebright will suffice by way of iltustration. In plate 10, figure 2a, 
four such transitional featluis are shown. In a and h two feathers 
from the hackle are photographed. The first (a) had begun as a ntumal 
Sebright hackle feather, as ae^i in the condition of its tip; the rest of 
the feather is the same as the father of the castrated birid. For ctnn- 
parison with this feather, two {2b) from the same bird are shown that 
b^an to develop aft^ tlw testes were removed, i. e., at the same time 
as the change occurred in the f onner feather. At the time the latter 
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femtker (6) had not yet eom^rfeted its full growth. On the bow of Uie 
wing a few intennediate feathers, like the one shown in 2a, were 
I»<eeent. (For eonqMriscw with nonnal and castrated featt^ see 
Uioee on pUtee 6 and 8.) 

An intennediate feather from the hack is shown in 2a. For ccon- 
parison with the old feathers from the same region see plate 6, fig. 2. 
An intennediate saddle feather is shown in 2a. For comparison with 
normal feathers from the same regi<Hi see figure 2. A still later feather 
from the castrated bird is shown in 26. The last was not yet com- 
plete when removed from the bird. 

It will be noticed that the change after castration involves the color, 
the shape, and the presence and absence of harbules in those parte of 
the bird that are peeuliar in the last respect, lite transition in these 
charaeters is quite sharp — as sharp in fact as is compatible with the 
passage from one structure to that of an entirely different kind without 
any discontinuity of growth. Owing to the quickness of the response 
shown by the feather, it will be poeuble to study more in detail the 
length of time the secretion remains in the body oi the bird after the 
testes have been removed. 

CASTRATION OF F, HEN-FEAIMERED MALES FROM SEBRIGHT 
BY GAME. 

Hen-feathering is dominant to cock-feathering. As shown in plate 
2, the Fi male is almost as completdy hen-feathered as is the male 
Sebright. There is a somewhat greater color difference between the 
Fi male and Ft female than between the Sebright male and female. 
Two Ft birds were castrated for me by Goodale. At the time of 
€ipera,ti.<m, in the autumn of 1916, both birds were full grown, (plate 
2, figure 1). After molting the old feathers, both birds appeared as 
shown in plate 2, figure 4. Each is completely cock-feathered. The 
plumage baa also undergone a remarkable chai^ in color. In geno^, 
the color change is from yellow and black to reddish yellow. The 
greatest change is over the upper surface. The sickle, covert, and tail 
featiiers are well formed and have now become iridescent black. The 
breast has changed least of all. One bird died February 12, 1019. 
When opened there was found on the left side a small white lump; 
on the other side almost nothing. Tbs lump was found to consist of 
testicular tubules with loose glandular cells on ite walls. 

The extent to which the change has taken place is best shown by 
comparison of individual feathers from identical regions — one before 
and one after the new feathers (taken out two years later) have come 
in (plate 7). The contrast between the old and new feathers of the 
hackle, saddle, back, and wing-bow are the most striking. In all of 
these tjie new feathers have become red on the exposed portitm and the 
margin is free from barbules, as in the cock bird. The ino-ease in size 
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and change in Axpe of these feathen is ronarkable. Equally great 
is the change in the tail-coverts that grade into those of the saddle 
at the base. The two median coverts or uckle feathers are longw than 
the tail and much arched. They are jet black with a purplida irides- 
cence and with a yellow-red shaft. The tail itself has also changed; 
it has lost its stippling, and has become black like the coverts. The 
increase in length of the tail feathers is as remarkable as the increase 
in Iraigth of the coverts. A detailed account of these changes fc^ows : 



CASTBATE. 

1. ThefMtbenareetittrelyred. 



2. The hftoUe (ektben are mtirdf red. 

3. Featben ot bnek are led csoept for black 

•t boae. Baibuka afaeait at end 
and ada. Tip pointed. 

4. Tbe saddle featben are red with bbui 

baao. Tbey are hxtg and pointed. 

5. Tbe oorerta are blue-black, witb brown 

shaft. Tbey are laof, prauted, 



7. Tbe wing-bow featbsa are nd with 

black baae. 

8. Ovts tha erop the featbers are tvanga- 

facown; OD tbe breart Umt have the 
■ame color and a mail bla^ t^. 



1. The bead featben are yellow with black 

baae that ehowa tbrou^ oa the 
bead. 

2. lite hackle featbefa are yellow with Uack 

baae (showing through on neck). 

3. The nd featbere of tbe back an peneSed. 

There is a black band, eq>eci^Iy 
around tip juat inaide of tha 

4. The saddle featben an mueb like thoae 

of tbe back, mneb stippled in cen- 
ter. Tbe border ia more (distinct. 

5. Tbe tail oorerta are aimilar to thoae of 

ttKhoo. 

6. Tite tail featben are black, and with 

exeeptlMi of tbe lower feathers tttey 
are partly stifqiled. 

7. The wing-bow featben an penciled Uke 

thoae of the back. 

8. Feathers on erop yellow with black spot 

at tip; those lower down <m tweaat 
have a bigger ^Mt. 

The Fi bird from which the colored drawing (plate 2) was made 
and from which the normal Fi feathers were pulled was lent to Dr. 
Goodale in the summa of 1917. Tha bird died in April 1918, and his 
skin was sent to me. He also had begun to change over to cock- 
feathering (plate 9, figures 2, 2a). Goodale rectnded that the 
testis had dwindled to small bodies only about 10 by 6 mm. Tiaa 
accounts for the change to cock-feathering. For comparison I have 
added a third set of feathers to tlie two former sets, showing the new 
hackle, back, saddle, wing, and bow feathers of this bird. The feathers 
show that the change is in the same direction as that shown by the 
castrated cock, but it has not gone so far in the direction of cock- 
feathering. The tail is still short and the feathers are black. The 
sickle feathers are not longer than the tful and are stippled. It is 
probable that tins is the old tail whose feathos have not been molted 
since the testis dwindled. In fact, elsewhere the old and the new 
feathers are both present, showing that a complete molt had not taken 
place. The old feathers still present are practically like those cS the 
ori^nal Fi bird, showing that the change was oi recent date, and due 
to tiie decrease in the testis which was probably caused by disease. 
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CASIKATION OF F, HEN-FEATHERED MALES. 

Tlie Fi hen-feathered males from this cross could not be utilized until 
they had begim to assume the adult plumage, since before that time 
they were like the cock-feathered Fi males. Consequently, the opera- 
tion is mcxe difficult and more dangerous to the bird. A good many 
Inrds have died in consequence of the operation, but enough successful 
operations (five) were made to show what the color of certain types of 
hen^eathered bird would be when changed to cock-feathering. 

A hen-feathcved male (No. 232) that was darkw than the Fi male — 
in fact, almost black, exo^t for a yellow center in some of the dorsal 
feathers that were mossy or penciled — was castrated. The details 
of characteristic feathers may be gathered from the feathers in plate 7, 
figure 2. A ocHreepcmding set of the new feathers after castration, 2a, 
are paired with the former. The castrated male in his new plumage 
is shown in plate 2, figure 3. His dorsal surface is colored very much 
as is the same region in the Fi bird, but the breast is very much 
daiker, so that the bird as a whole presents a very different appearance 
from the Fi castrated male. A very small white mass was found 
when the bird was killed in place of ^e old testis, composed, in sec- 
tions, of a reticulated mass of cells that look like old broken-down 
follicles of testicular tubules with a few cell-layers lining the tubules. 

An Fi male (68) also had dark feathers (plate 3, figure 2, and plate 
9, figure I). The castrated male in his new plumage is represented in 
plate 3, figure 3. Here again the upper surface is much like that of the 
last castrate, and also like that of the Fi castrate. The breast has 
changed much less than the back; the centers of the feather are brown 
with a black mai^ and a black band at the tip. The exposed 
portion of the secondaries and the coverts are not so brown as in the 
last bird. The spurs of this bird were bent back, looking like the 
horns of a ram. When killed and examined, several small white pieces, 
that looked like pieces of testes, were found in the abdominal cavity 
near the old attachment of the testis. A histological study showed that 
these pieces contained tubular tissue apparently testicular, but with- 
out germ-cells. 

Another Fj male (Band No. 221) was yellow in general color, the 
feathers being irregularly penciled. After castration (plate 3, figure 4) 
the bird became red above and deep brown below; the tail and 
coverts were black. 

A pale-yellow hen-feathered bird (No. 218) was also castrated. 
Here also the change was most conspicuous over the upper surface, 
not only in a greater depth of color than elsewhere, but in the shape, 
etc., of the feathers. On the breast the original yellow color remains, 
but is slightly deepened. When killed and opened (May 14, 1919), 
a few small, whitish pieces were found. When these were sectioned it 
was seen that they were made up, for the most part, of tubules look- 
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ing like those cf the epididymus and also a few teBticular tubules. 
At the old situs there were some regraerated lumps, which in sections 
appeared to be loose glandular tissue. No germ-cells were preeent and 
the tissue just referred to may be old testicular tubulee. 

HEWITTS SEBRIGHT HEN THAT BECAME CXKK-FEATHERED 
IN OLD AGE. 

Darwin records in Chapter XIII of Animals and Plants under 
Dcnnestication a clumge that took place in an old female Sebright : 

" Mt. Hewitt possesaed an excellent Sebright gold-lace bantam hen, which, 
as she became old, grew diseased in her ovaria and assumed male oharacters. 
In this breed the i^es resemble the females in all respects except in tbeir 
conba, wattles, i^nirs, and instincts; hence it might have been expected that 
the diseased hen would have assumed only those masculine characters which 
aie premier to the breed, but she acquired, in addition, well-anbed tail sickle- 
feathers quite a foot in length, aaddK-feathera on the loins, and hackles on the 
neck — omaments which, as Mr. Hewitt remarks, would be held to be abomi- 
naUe in this breed." 

This is the only record I know of showii^ the change that takes 
place in the Sebright hen when the influence of her ovary is removed. 
There can be no doubt from the above description that ^e changes in 
the same way as does the castrated Sebright male. 

Concerning the origin of the Sebright bantam Darwin states that 
the race "originated about the year 1800 from a cross between a com- 
mon bantam and a Polish fowl, recroesed by a hen-tailed bantam, and 
carefully selected; hence there can hardly be a doubt that the sickle 
feathers and hackles which appeared in the old hen were derived from 
the Polish fowl or common bantam; and we thus see that not only 
coiAin masculine characters proper to the Sebright bantun, but other 
masculine characters derived &om the first pr<^enitorB of the breed, 
ronoved by a period of about 60 y«irs, were lying latent in this hen 
bird ready to be evolved as soon as her ovaria became diseased." 
To-day the problem appears to us in a somewhat different light, since 
the eecondaiy sexual characters referred to by Darwin have simply 
been kept undo* for more than a himdred years by the secretion pro- 
duced in the ovary of the hen (as in all breeds) and in the testis of the 
male Sebright. 

HEREDITY OF HEN-FEATHERING. 

In 1913 I fotmd that hen-feathering as seen in the Sebright is a 
dominant non-sex-linked character. A preliminary statement was 
given in the first edition of my book on Heredity and Sex (1013), 
whidi treated the character as a recessive one. This was a mistake 
due to a male having been obtained that was like the game race, 
which subsequent woric showed must have been due to a sperm hav- 
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ing beat retained in the oviduct of Uw female during her isdation 
period. In the secfHid edition published a few months later the mis- 
take, having been found out, was ctarected. 

If one dominant suffioee to produce heo-feathering, the Fi ratio 
would be 3 heii^eathered to 1 coek-feathered bird. The numbers 
found were 31 to 28. This realised ratio departs too far from a 3: 1 
ratio to make it probable that the results are due to a sin^e factor. 

The Fi ezpeetaticm f<»- two dominants, both necessarily present to 
IHt>duce hen-feathering, is 9 hen-feathered to 7 cock-feathered birds. 
If the d<»ninaBt factors are retneeented by H and H' and their wild- 
type (reoeenve) alldomorphs by h and h', the expected F) reoombin&- 
ticHiB are ffvtai in the following table: 
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Them are 9 clasBes containing bot^ H and H', 6 contuning one or 
the otJier, and one containing neither H nor H'. The realized numbos, 
31 to 28, are in close approximation to 9: 7. 

In classifying the Fi hen-feathered males, an attempt was made to 
divide them into two classes, viz, type 1, hen-feathoed to the same 
extent as the Sebright, and type 2, intennediate between hen and cock 
feathering. The line between intennediate and cock-feathering is 
sharp, all the int^mediates belonging distinctly to the hen-feathered 
group, but the line between the two subdivisions of hen-feathered 
birds is not sharp, and occasionally a bird is found that is difficult to 
place. These statements hold also for the Fi birds, whose skins I now 
have. Five of these are classified as intermediates and one as com- 
pletely hen-feathered. The difference between these two classee, then, 
is environmental or due to other modifying genetic factors, for which 
either the Sebright or the game is not pure. Under these circimiBtances 
it would not be profitable to attempt to find out (without additional 
evidence) what genetic differences, if any, lie behind the hen-feath- 
ered and intermediate-feathered birds in the Fj classes. 

Concerning the back-cross (Fi by game) the expectation, for one 
d(Hninant factor-difference, is 1 hen-feathered to 1 cock-feathered 
male. There were obtained 2 hen-featha^ (intermediates) to 7 cock- 
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feathered birds. The numbers are too small to be significant, taken by 
themselves. The expectation for 2 dominants, both essential to hen- 
feathering, is 1 to 3, and this is in agreement with 2 to 7 as found. 
It seems, then, more probable from the evidence of the Ft and of the 
back-cross combined that there are two dominant factors present in 
the Sebright that make the male hen-feathered, and since the race 
breeds true to hen-feathering, both factors must be present in homo- 
cygous condition unless an imdetected lethal deetroyB some of the 
classes.' 



Gold Hai.« X Siltbr FnuM 
I (Product of ^''"b'"*' 
(B«l(lui Imported ^po nulaa lot 7 

(rom BnjMda.) 



8 BSTar Faaulw 



811.TU Ck(m«-Bmb 
of A) 



X Gou> CBoaa-BwD 
(oSvriDc of A) 



^nn Cbow-Bmib X Siltsm CBOM-Baso 

Maix Fuuia 

(Off-line of C) (O&priug ot O 



4 8av«T 2 Gold 

Malsa Mala 

(B«lcisn (Bdciao 

type) tjT») 



2Sar«r fiOold 



SOvw Male* Sirtr Fonalae Gold PcomIm 



Baram Ualm (offtprincofC) 



SlLTHB Maia (ofl^rinc of C) 



SlLTBB VwMAia (pOie) 



Silver Malea (E^o^Ui ^rpe) 



Gold Female* 



Smith and Hug have reported the following curious case of hen- 
feathering. Smith had a breed of White Leghorns with cocks of two 
classes — those that assumed cock plumage at 6 months and those 
that are like the hens for 8 months, after which they slowly assumed 
the cock-feathering. The difference is hereditary and appears to 
segregate. Possibly this breed had one factor at least for hen-feathering 
that is effective for young birds, but not for older ones, or some of the 
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birds pA88 throu^ & stage wfam they ivoduee an internal se<9«tion 
that disi^pears later. But it is also possible, and petiu^ more 
probaUe, that the young birds, not cock-feathered, have remained 
IcHigK" in the juvenile stage than the others, so tiiat they might be said 
to be falsdy h«k-{«Athei«d. 

The results published by the Rev. E. Lewis Jraiee in 1014, deecribing 
eroesee between two breeds of Cfunpines, one called Bel^an (irtuch 
has hen-feathered m^es), the other En^ish (that has cock-feathered 
males), are sununarized in the table on page 16. They show the domi- 
mmoe of hen-feathering with some probability. The tal^ given there 
is the original, to which the auth(»- has kindly added the numbo^ hexe 
prefixed to some of the daseee. The numboB are not large enough in 
all cases to be satisfaetory, but the donunanoe cd the hen-feathering 
is, I think, apparent, as wdl as its non-eex-Unked transmissioD. The 
golden feonale in C must have been En^ish type, or at any rate hetero- 
lygous fw English-tyiw feathering, for if Bel^an her sons would have 
been Belgian type. 

Punnett and Bailey (1914) have published the result of a cross with 
hen-feathered Silver Sebri^ts and Hambiugs. The dominance of 
hen-featliering in the male is shown in the figures that illustrate their 
paper, but as the pap^ de^ solely with the inheritance of weight the 
account cf inheritance of hen-feathering was deferred to a later paper, 
that has not yet appeared. 

HEREDITY OF COLOR IN THE CROSS BETWEEN SEBRIGHT AND 
BLACK-BREASTED CAME BANTAM. 

The cross between the Sebright and the Black-Breasted Game 
bantam was undertaken primarily to study the inheritance of hen- 
featheiing. The Sebri^t was chosen, on the one hand, because this 
race is pure for hen-feathering, whereas in other races, such as the 
Campinee, both kinds of males are known. The hen-featherad birds 
of such races are, I believe, frequently not pure for hen-feathering. The 
game race was chosen becaiise the cock has the typical plumage of the 
wild bird, GoQut bar^dva, and although his feathers are remarkably 
short, they show the charact«ristic cock-feathered type. 

Only secondarily was the experiment concerned with color inheri- 
tance. The two breeds differ so markedly in coloration and pattern 
that the very complex results that appeared in Fi were to be expected. 
In addition to the differences involving hen-feathering versus cock- 
feathering, and Sebri^t plumage versus game pliunage, the game is 
strongly dimorphic in the plumage, while in the Sebright the colora- 
tion of the two sexes is closely similar. But the castration experiments 
have shown that this difference is the result of hen-feathering in the 
Sebri^t cock, and that tbe race carries the same potential dimorphism 
as do other races of poultry. 
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The game cock is shown in plate 1, figure 1, and plate 4, figure 1. 
Tlie wattles and comb had been rranoTed from the bird. The yellow- 
red back and saddle are to be noted. The upper tail coverts and raekle 
feathers are black, as is the tail. These parts are shorter in the game 
than in other races, being one of the points selected fts. The dorso- 
anterior edge of the wing is black, this color meeting across the middle 
of the back. Below ttus black area comes the red wing bow, followed 
by a double row of blue-black feathers. The exposed portions of Uie 
aecondaries are brown, of the primaries black with grem manpn. The 
breast and entire lower surface is black. The I^s are greenish, the 
bill black and yellow, the iris yellow. 

The hen of the Black-Breasted game (plate 1, figure 2) is light 
ydloviah-brown. The back, saddle, and wing eoverts are goldoi 
brown, finely penciled with darker brown or black. The hackle ia 
penciled; it has a yellow border (without barbiiles) ; the back is m«e 
brown, the fcHepart of the breast is salmon, the more posterior parte 
lighter salmoQ. The ndes of the body under and below the wings are 
stippled gray. 

The Sebright male is represented in plate 1, figure 3. Photographs 
of them^eand thefemaleare given inplate4 figures 3 and 4. Most 
of the feathers have a yellow center and a black border. Such feathers 
are said to be laced. The details of the different re^ons are shown in 
the feather plates, 6 and 8. 

A. Tbb Fi Bibds. 

The Fi birds were remarkably uniform. The semid dimorphism 
is slight, as a comparison of the male and female in plate 4, figures 6, 6, 
will show. In the female the body feathers are penciled but very 
mossy, and this holds for the male too, except that in the hackle, back, 
and saddle, a change in color accompanies the change in shape, as eeea 
in the individual feathers in the feather chart (plate 7, f^ure 1). If 
there are any sex-linked factors involved in the cross, we should expect 
different types of Ft hens in the direct cross and its reciprocal, because 
in one case the Fi hen gets h^ single X chromosome from one fathw, 
and in the other case, the reciprocal cross, from the othw. Unfortu- 
nately no careful comparison can now be made, because the crosses were 
carried out in different years and the changes due to age may have 
affected the color sufficiently to obscure such slight difference that may 
have existed. But the effects of such factors, if present, are very small, 
since the birds seemed to be the same, regardless of the way in which 
the cross was made. In the Ft counts, although an attempt has been 
made to keep apart tiie birds c^tained in the two crosses (i. e., the di- 
rect and the reciprocal crosses), it is very doubtful if the two groups 
show any significuit differences. 
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B. DMcmipnoN or F| BisDe. 

All together there aie 72 hens, 29 hen-feathered malee, and 26 coclc- 
feathovd nudes, as shown in table 1 : 
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A. SttnuleattMtwttlikeFi; 7 otbm nMuUe tbcm bdoir.bat Ittve atintled bttok «Dd 

romp feathwf (4 <rf Umm hare ydlow nei^ And 3 Um^ necb I3ce tboee of Fi). 
Has, then, tm two or tbm «abdivinooa, or parb^n main eliiwaii 

B. 1 feauJa ia very doae to pune, tuTing the diAr*ctcristio atq^iling abore and mJatoa 

l»«aat bdow. Km it daiier otdored thui the fune f ouaIm, tb«cf or* more Uko 

tbo Tjighnpn ftmalft 

C 3 twdt nMi[^>le the Sebrii ^ t in ptanuge, but would not pes master for r«d Bebrighta. 

D. 3otlunhftveapaii^edbnutfMUiflnlikBthe8rfMi(ht, but ft greet unotint of stippling 
on the beck. 

JT. 6 birdi ere ydlow on bneat, with etippled be*^ 

F. otbcn ere yttkm, atippM Urdi with e little reOow penoiling on the Invest. 

0. 11 blMk binb wiUi aome stippling on the beck <rf the wing, and aometimoi with* 
trMMB of ydlow in the haokle. 

H. t other Urde an dark, b«t not ea bUek aa the last. There ie some stippling, eapeetally 
on breaat. The ha<Ue ia atw*;t strq»ed. (4 <d theee have yalkiw nooks above 
and below; 3 have daric neekt.) The eeries of feathers photographed in plate 10, 
figure 4, from » bird of elaaa B, show aU gradations between a spangled and a 
baned eondition. It ia pnotieaUy eerlain tikat the bairing seen here (as wdl aa 
that under elaas if) ia quite differ^t from that of the Barred Plynioutb Rock. 

7. l7eQowbKiwithatittleUaek(asatMnd)oawinpandtail. 

J. 2 other yellow binb with a little bla*^ pendling on the back, the tail, and with k»ig 



Ft Malw. 

K, 2 int«nnediate malea withabbu^-aiidotdwd red Imast and Uadc taO. The saddle is 
eoaneljr stiiqiled. Hw eom^aoding male-feathved bird is red above. 

L. A Sebri^it4ike bird with Uaik stippled feathvs on bade; the reet ot the phuiage 
heavilrlaeed. Posterior part of bveast and thi^ Uaek. The tail stipfded. 
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M. Ydlow Deck, the bock, tail, and lower hdf of eadi aetoadarj oowaed^ stippled. Po» 
terior p&rt of breast barred; oftpe and anterior breast penciled. The series trf 
feathcn photographed in plate 10, figure 5, from the breast of a bird in class M, 
shows all posmble gradations from a penciled to a barred condition. 

O. I oook-fealhered, Red-Breasted game with somewhat stippled feathers. The lower half 
of each aeotwdary is penciled (Hambuqc type). 

P. 1 intomediate male with yellow hackle that is black striped. He has a peculiar saddle, 
the geno^ color of which is reddish brown. Each feather has a faint black edge, 
Bad is clear yellow along abaft; the rest at the feather is finely dusted on a ydhtw 
background (plate 10, fig. 3). Breast feathers (in front jMrt) are laced with 
an outer black band edged with yellow. In the posterior region of the breast the 
feathers are broadly laoed. Wing-bow and coverts red, laced with black. The 
ejQKMed edges of primaries and aeoondiurieB are red-brown, tiieoovtred parts blac^ 
The tail is black. 

Back-Cboss Hinb. 
A. Two dark Ft types. The bi«ast is between stippled Bod penciled, the head is black. 
C. (1) Sebright type. Very dark with much stipj^uig. Some penciling tm back. Breast 
dark; neck like that of Sebright. 

(2) Sebright type like (1), but not such dear yellow. Seoondariee and tail feathers 

and eoverta stippled (with black tips). 

(3) Yellow Sebright. Neck and breast yellow with black base and tip to feathers. 

Cape, breast, and wings (except bow) penciled to barred. 
C. to D. (1) Pale yellow, breast spangled, back lightly penciled, tail same. SecondariM 
ydlow and littie stippled. Upper web of primaries stippled. 

(2) Breast spangled, rest as in (1). 

(3) Same as (2). 

L. Dark Sebright. Back-featheis broadly laced and a little penciled. Neck black with 
yellow centers to feathers and yellow edges (rerened Sebright). 

All of the preceding hens except A are in general SebrightB. The 
laat three are pale stippled Sebrights. 

BACK-Csoes HcN-FxATHEBZD Cocks. 
A. One cock like Fi male, but rather paler on back. 
C. Four cocks. light Sebrighta, but spanned, in general, instead of laced. Feathera 

dear, sot stipfded. 
O. One black. 

Ii. Dark Sebright. Back and rump black. Feathers with narrow center, not stippled. 
Q. Daric Sebright nearer to hen C (1). lliorougbly atipided with game tail. Neck and 

breast dark Sebright. Probably a new clsas nearer to (C). 
JI. Two cocks. Pale yellow instead of reddish, and much lees black than are other yellows. 

No class of hens to match.* 

In regard to color inheritance the preceding 10 birds are too few 
to add anything of significance to the other results, except that they 
Berve to emphasize the dominance of the factors making for Sebright 
coloration. The hen-feathered cocks Confirm the other results as to 
the dominance of the factor or factors in question. 

There can be little doubt that some of these classes are complex. 
Tltey almost mei^e into each other and in one part of the body individ- 

' There is one other Urd, not given in the above list, that ia pure Sebright eioept that Us legs 
■re ydlow. Until T Knd out b7 further breeding of the Sebright stock whether ydlow legs are 
praaent in it, this ease most remain doubtful. On the basis of a two factor o<dor-dilterenee one 
Sabii^t (as to oolor) ia exiraoted in 16 Urda, and one in 04 on ■ three (aetor baaia. Some 
Sabri^la had been rsiaed along with the baok eroM, henoa the poaBbOi^ of ooatamlnataon. 
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uak may grade off into one class, in otiwr parts into othw claases. 
An almost continuous series of types mi^t be arranged from black 
to pfUe yellow. 

Tlie difficulty of matching the hen-feathtfed males to their genetic 
matee is almost insuperable. In table 1 an attempt was made to put 
these malee with their respective females. The difficulty is, of course, 
greater for the cock-feath«Ted birds, even with the casti&tion evidence 
(that is too meager at present for the purpose), but a few ci the males 
may be placed with c^tainty, and the rest guessed at. 

One bird iq>pear8 to be a hayfeathertd game male resembling in 
many respects the female game, but darker and redder. There is more 
shafting on cape and wing-bow. The breast is imusuaUy dark-salmon. 
The hackle is darker than is the game feBoale. Upper wing-ooverfas 
broadly laced with black. (Plate 10, fig. 3.) 

The occiurence of this hen-feathered jun^e-fowl is so unique and 
the coloraticm of the bird so interesting that I have added to the plates 
three feathers of such a bird, vix.,a stippled saddle feather, a feather 
from the back, a hackle feather, and a wing covert with stippled center 
and a black border. The neck hackle departs somewhat from the 
hackle of the jtmgle-fowl hen, but in the same direction as does the 
neck hackle of the Sebright cock from his hen. 

Looking over the Fi group, the most noticeable thing is Uie lai^ 
number of blacks (E and G), all of which are stippled. Probably the 
factor came from the game, because group E was present in the back- 
cross as well as in Fi, and because these black birds are always stippled. 
TheyeUowcolor(Iand J)mayhave come from both, each breed having 
then a black factor that, as a pattern, covers over most of the yellow. 
It is difficult to distinguish penciling from stippling in the Fi yellows. 
Without figuring each of these t^pes, their description in detail is not of 
much value. The skins will be deposited for rderenoe in the Zoolo^cal 
Labcu'atory of Coltmibia University. 

C. Back-Cross op Fi to Gaub. 

As the back-cross of iha Fi to the game m^t appear more likely to 
reveal the kinds of germ-cells present in the individual, the results 
from such a cross may be pven before discussing the genetic data. If 
it were c^lfun that the "game" contained all of the recessive factors 
that are involved in the experiment, this method of testing the result 
would be ideal, but there is no way of determining a ■priori whetJier 
this is the case. The question will be taken up later. The pre- 
sence of two kinds of males with corresponding but largely uncor- 
rected differences in their plumage makes their classification as a 
group impossible. It is simpler, therefore, to put the females into their 
classes first, after which the hen-feathered males may be expected to 
fall into the same groups (or nearly so), while the Identity of the cock- 
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feathered males, t. e., thdr cIabb relatdonship cfui only be detenmned 
tor the classes that reeemble the Fi and the Pi birds. The Ft hen- 
feathered males can in part be further identified by means of the 
evidence that castration of these types affords. 

Two of ihe F| classes of hens can be identified in this back-cross, 
vis, (a) 4 hens like the Fi birds, (6) 3 hens like the game; (c) there were 
3 other hens with plain yellow, i. e., not stippled backs. The upper 
surface was like that of the game female, but much lifter. The first 
two classes (a), (b) mi^t be again split into two types. There were 
only two h^t-feathered males, one nearly like -the Fi male, the other 
bladder; they probably belong to different classes. 

Of the 7 cock-feathered males, one was like the Fi castrated males; 
anotiier bad a irim il ftf back, but a darker and differently marked 
breast; 2 were game-cock type; 3 were odd birds much like the game 
cock above except for absence of black, with reddish heads without any 
black. The males may be iq>pToximately classified as follows : 
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Four or five tyipea may then be recofpiised in this rou^ srouplng, 
Ncme of tike groups seem uniform and probably might be split agun. 

D. Tte NUUBHB OF COLOB Factobs Intoltxd, 

The theoretical expectation for two pairs of factors calls for 4 classes 
in the back-cross, but this assumes that the parent type used for back- 
CToesing contains all (here 2) recessives. But this simple assumption 
can not be true in t^ case, for the Fi bird would have been like the 
Sebri^t. On the 3-factor assumption the expectation for the back- 
cross is 8 dasses, but this would apply only if the game were the triple- 
lecessive form, which, again, it is not, as shown by the F| cross. But if 
tiie dcnninance (tf one or more of the Sebiight color factors is incomplete, 
then either a 2 or 3 factor assumption might apply to the back-croes. 

If only 2 pairs of factors are present we should expect to recover the 
game type once in 16 cases in Ft. But, as will be shown, only 1 game 
was recovered out of the 49 Ft females. This result fits better with a 
3-factor assumption, for even with the small number in the back-croes 
tiie indications are that more than 4 classes are present. 
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In the F| birds at least 11 claaMe may be distinguiAed, and bchdo 
ai these appeur composite. For 3 factors the maximum nmnber of 
posedble clasBee (including heterozygotee) is 27. We can rect^niie at 
least 11 F) elaaiee amongst the females altme, and a few others are 
doubtfully present in the males. 

In favor of the view that the heterozygous classes are here difiFereoit 
from the homosygous, the fdlowing evidence may be utilised: 

(1) The Fi birds are entirely different from dther parent and they 
are heterosygous for all the factor differences between the two types. 
The only alternative ezplanaticHi for the intermediate o<aidition of Fi 
would be that each race carries one ot more completely dominant 
factors. But the latter view is improbable because m(n« of each parent 
type would then be expected in the Fi generation. 

(2) In the F| generation the Fi type is not as frequent as would be 
eiqieeted on the view that the heterosygotes could not be distinguished. 

K. Back-Cboss of Ft 9 to Sbbbioht <?. 

It is possible to add, now, while this paper is passing throng the press 
(June 1919), the results of a back-cross of 4 Fi females to a Sebri^t 
male carried out during the summer <ji 1018. The birds being now 
mature their permanent colors are evident. Making the back-cross 
in this direction is much lees advantageous than the reciprocal de- 
scribed above, because the Sebright contains most of the dominant 
color fspctors. The group of birds obtained appeared to be lees variar* 
ble in color than thoee from the other back-cross, and one can see at a 
l^ance that more of them approach the Sebright type; some quite 
doeely. 

All of the males are ben feathered, as expected. No evidence was 
found that two types of males eodst, which would have been expected 
if the two types noted in Ft had any hereditary ragnificanoe. If, then, 
as the Ft results suggest, two factors for hen-feathering are present 
both are dominant, and no genetic distinction is iaand between in- 
dividuals in which one or both of the dominaut factors are duplex 
or suuplex. 

There woe 9 adult hens and 10 hen-feathered cocks. An attempt 
is made below to refer them to their corresponding Ft classes. 
F. Review or thb Hbbsditt or the Colob or thb PLmuGi or 

POOLTET. 

In poultry there are perhaps more different colors and color-patterns 
than in any oth^ species of domesticated animals. The genetic work 
has advanced far enough to show that many of the differences depend 
on Mendelian factors. It is probable that, in addition to the main 
factors, there are many contributory, minor, or modifying factors that 
give the finer details to "show birds." 
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It is graiaally suppoBed that the wild bird trosn iiiiidi some at least 
of the domesticated races have ccgae is Galhu bankiva of India and 
Indo-Ohina, or else one or anottier of its subq)ecies. In any case, 
tbe wild type of ctrfnatifHi is approximate kiKnrn, ahtoe the known 
wild races are ct^ored alike in all essential reqMcte. Even were the 
ccdtv of tiK wild type not knpwn, tlie ui^nal phimage could be 
deduced with some d^ree ai pnJtobility frcnn the atavism that 
i^tpears when some of iha races are hybridised. It is interesting to find 
that many of the new {domage characteis are dtxninant to the wild 
type. The same relation also hfdds rather geoefally for otiier characters 
of poultry, such as tbe comb, etc. 

Amongst the unif onn cr sin^e-ctdcffed races, the whites, blacks, 
teds, and buffs have been studied. BatesGnand Punnettweie the first 
to show tiiat the niiite of the White Le(^c«n is dcHninant. Tliey also 
diowed that the white <tf the White Rose Comb httntAnm is recessive. 
Another white, that of the White Silky, is also recessive, but due to a 
different factcH- from the white factor of the Rose Comb bantams; for, 
when these two whites are bred together they give c(4(sed birds in the 
first gmexatimu Hurst showed later that tbe iriiite of the Le^^om 
is dominant over the black of Uie Hamburg and the buff of the Cochin. 
Tbe dtMninanoe is (rften not comi^te, since tints of black u* of buff or 
even patches of these colws may occur. The latter may be e«ifined 
to the head, neck, and breast. The Uack plumage of the Hamburg is 
dcamnaot ovw the buff of the Cochins, but incconpletely so, as the 
black background may be maiked and diaded with brown. Whether 
we are dealing hoe with rate pair of facttws, <n- two pairs, could only 
be determined by an F« ratio; wbeUKx it is 3: 1 w 9: 3: 3: 1. 

The blue color of the Andahmian is known not to be a simple color, 
but to be a fine mosaic of splashed white and Mack. The ecdcsr is 
produced in Inrds that are heteroEygous for st^ashed white and black, 
or at least fw certain kinds d white and black. This rdation was first 
doncHKtiated by Bateetm and Punnett (1902 and 1905) and later 
Saundess (1906). It ^f^ieats also frcon certain eroeees made by Daven- 
pCHt Uiat some of the whites (such as that of the Le^om) and black 
(audi as that of Ute Minorca) may at times also give some blue birds 
iHien croned. Wbethor then are also otb»' races with dtHnioant 
wlute color differoit frcon that of the Andahisian «iiite (and the same 
holds for Uack races also) or whether a special (receeave) white was 
jHesent in tiik croes when the blue api)eared, was not made out by 
DavraipOTt. 

I^jpincott has recent^ studied the Andalusian cross and obtuned 
essential^ the same results as his predeeessms. He calls attention to 
an interesting fact in the splashed whites, namely, that the color 
qilasbes are Uoe when thay are found in thoee parts rd the body idiere 
Uie color is Uue in tlie Andalusian. Although tbe Andalusian isalways 



,yGt)Ot^lC 



BXLATtNQ TO BXCONDABT BEXUAL CHABACTBBB 26 

qxdcen crfas&Uuelurd, UwhenonlyiB oitirdybhie, while the mole is 
black above and tdue bdow. The qilaabes cm a white male ooirespoDd 
to the black and blue ctf tiui Andalufliftn male, and are black iE'above 
and blue if below. 

lij^unoott found also that the blue birds diffv from tite black in two 
charsctfflistics, vie, in the blues the pigment is in larger maases, i. e., 
it is mcoB duiiq)ed, leaving more white between the clumpe than in 
the blacks, and in the bhies the pigment is abeeot in the extremitioB 
of the barbules. If the dumpir^ and the oondition of the harbulee are 
treated as separate entities, eadi gives a 3: 1 ratio. Lij^nncott con- 
cludes, therefore, that the Andalusian cross is a 2-factor case. If each 
ot these characteristics was independent d the other in the sense that 
some birds had dumped pigm«it and others de6oi«ioiee in the barbules, 
then one mi^t ctuidude that he was dealing with a 24actor case; but 
if these two characters are only different aq}ectB oi the same gene, and 
when one is present Uie other is also, the situation is not different from 
those that are very oonunon, viz, two or more effects produced by the 
same gmetic Cactw. 

Davenport has recorded results of crosong several breeds cd different 
colors (1906 and 1909). The white ot the Le^om was found dominant 
to the black of the Minorca breed, althou^ the hybrids, "at least the 
females," had some black feathers. This white was also found to be 
dominant to the mottled Houdan and to the "Red-backed game." 
On the other hand, a male Toea with wild-type plimiage by recessive 
White Cochin female gave "barred" males in Ft; the barring coming 
in, no doubt, from the Cochin and althoi^ not at the time recognized 
by Davenport as sex-linked inheritance, the statement that barring 
is "associated with maleness" (as already punted out by Darwin) 
indicated that the barring that a|q}eared within the cross was probably 
the sex-linked barring shown by other breeds. 

In Davmport's cross oi White Leghorn by Minorca two blues 
appeared (as stated above), indicating that the same factors were 
here present that in the Anduhisian white and black strain gives the 
same result,' but why tmly some of the Fi appear as blue, while others 
are not blue, is not yet made clear, unless two factors for white were 
present. White of the Leghorn breed wat found not to be as eom- 
pletdy dominant over buff as over black. Black was found dominant 
over the wild-type (Black-Breasted game), but red is present in Fi 
birds also to some extent in those places where red is found in the game. 
Lacing, as shown by the Dark Brahma, is dominant to the plumage 
of the Tosa. Penciling also is said to be dtoninant, aa shown in females 
of the cross between the Dark Brahma and Tosa fowl. 

In his later paper (1900) Davenport gives fuller inf(»7nation in 
r^ard to some id the Fi cases reported in his first paper, as well as t^e 

* FlOTidad tlut ths blue durifiOktioD wu bBMd on Um kdidt |tom»c« uul not on down color. 



.,Goo<^lc 



26 THE GENETIC AND THE OPERATIVE ETIDENCB 

Ft resulte. Thus, in the cross of KUcy to Minorca, th&t ffves black 
Fi birds, the Fj count gave 210 black, 57 game, and 95 white— approxi- 
mately the expectation for two pairs of factors, one of them giving 
white (9:3:4). Silky by White Le^om gave white Fi's, but the males 
developed red on the wing bow and saddle when they became mature, 
and the female a faint blush of salmon ("red") on the breast. In Fj 
there were whites, games, and blacks, approximating to expectation for 
three pairs of factors, one being a dominant white (52: 9: 3). Silky 
by Buff Cochin gave a washed-out buff, but with the jungle coloration 
partly devdoped in the tail (black) and hackles and wing bow (redder 
buff). Davenport represents the Buff Cochin as having lost the jungle 
patterns and coloration, while the Silky retains it. The heterosygoua 
condition of the genes for the wild-type cdor in Fi is made reepcHisible 
for the part development of color. The White Silky u represented as 
carrying the factor for black (N), henoe in Fj both black and game- 
colored birds are expected and they were obtained. When Black 
Cochin is crossed to Buff Cochin, the Fi males are in general like the 
game (black and red) while the females are black (except for some red 
on the hackle) . In this case Davenport represents the Black Cochin as 
showing a factor for jungle-fowl pattern, but lacking the color that is 
assumed in his other f annuls to go with this pattern. What is meant 
by this change is not quite clear to me, unle» Davenport supposes there 
Is an independent factor ica the jungle-fowl pattern which may be 
filled in by other colors determined by other factors. But were tiiere 
Plough Fi birds to exclude the possibility that jun^e-fowl birds would 
not appear in this cross? 

Davenport has reported a cross between a female Wlute Cochin and 
a male Toea (wild type) from which the daughters were Tosa, except 
that the shafting was broadened, and the saddle feathers and proximal 
secondaries were obscurdy barred (black and buff) ; the sons were also 
like the Tosa, but every feather was repeatedly barred (see above). 
In Fj thoe were 15 white, 25 game, and 16 barred birds. Davenport 
concludes that "barring is clearly heterozygous and confined to the 
male sex," and in a footnote he adds that the sex-Jinked barring factw 
of the Plymouth Rock is different from that of this Cochin-Toea cross, 
but Goodale Informs me that the barring that appeared in this cross 
is probably the same as that in Barred Rocks. 

As pointed out, an interesting feature of color inheritance in poultry 
is the large number of cases of sex-linked inheritance. It might seem 
probable here, as in the case of DrosophUa, that this is due to a well- 
rec(^;mzed difference between sex-linked and autosomal characters, 
namely, that a receesve mutation in one of the sex chromosomes (rf a 
Bperm-cell (tf the male bird will have a chance of showing its effect 
immediatdy if that sperm-cell unites with an ^g without a Z to form 
a daughter, whereas it would not immediately show up in the offspring 
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if ttie mutation were autooonuU.* In consequence the reeesBive mutant 
would have a greater chaooe oi bong obeerved and selected if it 
sppeand in a sex chromosraoe. But dcmiinant sex-linked characters, 
however, have the same chance as dominant autoennal onea and the 
question turns therefore on the kinds oi characta« shown in the cross. 

The first indicaticHi of srai-linkage in fowls whs furnished by evidence 
that ^illman published in 1903 on inframatitm supi^ied by poultry- 
men — infcomation that has been proven subsequently to have been 
accurate. Spillman pointed out clearly the mmilarity between the 
facts be quoted and the thw known cases of sez-Jinkage in the canary 
and in the currant moth. The case referred to by Spillman was a cross 
between Barred Hymouth Rock and Black lAngshan. Goodale and 
I npeated the cross, unng both Plymouth Rock and American Dom- 
inquee, publishing the results in 1912. In addition to the Fi results 
evideaice was obtained for the Ft generation. The theory was also 
tested by back-crossing. Tb6 results of such a cross that are typical 
fen* bU cases of the sort are briefly as follows: Plymouth Rock cock by 
TjuipAim hen ^vee Fi barred sons and barred dau^ters. These 
inbred give Fi barred oooksand barred and black hens (2:1 :1). 

In the f dlowing schemes the sex chromosomes are represented by Z 
and W, irtiile ihe ezponmts stand fix the facton involved, vis, B {<x 
barred and b for not-barred, which here means a Mack bird. 



2V Z'Z?' 2V ZV 

BvPidJ DmTed<f Itarrad} OHdCg 

In the redprocal cross, a black cock was mated to a barred ben. 
The sons were barred, the daught«« black (Fi). These inbred gave 
(F>) barred m^ea and females, black males and females in the ratio 
^1:1:1:1. The chromosome scheme of inheritance is as follows: 

•5 Z^ ^ 



- zV ZV 

^ Qarnai ^^i 

zV z!^ zV 2V 

Oanii Otachif DarrKl^ Oack; 



> If tlM iwiiii iiHitatiiw oociin int in Uw Z ohramoMcne o/ ui en o( tb« tcaula it will not 

■ppaar in the next inivBam: Umo ifitkMpMwd intoftnuls, tuU hi) dMi|^l«n willahawlt. 
The da^ imaior-pait invUvwl ia earned by tbe ees ohrranoaomM Z Z. 
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One baek-CToes test consists in mating the F| baned maks Z'Z'* 
(from both crosses) to a piire black female. The expectation is for 
equal numbers of barred and black males and females, and the result 
was realized. The Ft barred ben of the first cross (Z'W) back-crossed 
to a black cock is expected to give only barred males and black females, 
and this result also was obtained. The explanation ti the last cross, 
based on the sex chromosomes, is as follows: 




Before these experiments were finished Goodale had made other 
crosses involving the barring factor, and had obtained results that 
showed the sex-linked inheritance of this factor (1900). For example, 
he o'ossed Buff Rock male (not barred) to white Plymouth Rock 
females. The boos were barred and the daughters not barred. The re- 
ciprocal cross gave barred sons and daughters. A White Rock male 
(cairyiiig barring) mated to a Brown Le^om female gave barred sons 
and daughters. Reciprocally, the chicks were of two kinds as to their 
down, viz, black chicks and chicks with the down pattern of the barred 
rock. All these results with Barred Rymouth Rocks show that they 
carry a sex-linked dominant iactor for barrii^. Its wild-type allelo- 
mcnph would be game-color (jungle-fowl) , but since, when the dominant 
barnng is absent in some of the individuals in these crosses, they are 
black, it would seem to follow that another dominant factor, one for 
black, that is not sex-linked, is also present. 

Pearl and Surface have also canied out crosses with Plymouth 
Rocks on a much larger scale. Their results conftumed in every way 
to the foregoing. They crossed Barred Plymouth Rocks and Cornish 
Indian games. The plumage of the male of the latter race is black 
with dark red on the back and wing-bows; the fem^es are also black 
laced with mahogany ground-color on back, breast, wing, and tail 
coverts. When the male game is mated to the barred hen the sons are 
barred and the daughters are black. In the reciprocal cross both sraus 
and daughters are barred. The back-cross tests conformed to e]q>ecta- 
tion. The results were the same as those alr8a(^ stated above for the 
Langshan-Rock cross. 

Sturtevant crossed Colmnbian Wyandottes and Brown Le^oms. 
The Fi sons were alike, whichever way the cross was made. They were 
fairly typical Wyandottes, which race carries therefore more of the 
dominant plumage characters (two or three?). There were two types 
of daughtfo^, depending on the direction in which the cross was made. 
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When the father ifl Wy&ndotte, the daughters are like him (except for 
Btipiding of the L^^om type). When the father is Brown Leghcmi 
the dusters are Bomeiriiat stippled red birds. In the fonner case 
tite daiighters getting their Z chromoeome from their Wyandotte 
fathffl- reeemble him; in the latter case the dau^ters getting their Z 
chromoaonie from their Le^om father look more like him. Their 
fuhiTB to look exactly like him must be due to autosomal factors 
derived from the Wyandotte mother that dcaninate other autosomal 
factors from the father. 

Hagedocsn crossed Black Breasted Game bantams (tike those used 
in my Sebright crosses) to Brown-Breasted bantams. In the latter 
the black breast feathws of the male are bordered by lemon; the hens 
are nearly black. Black-breasted male to "brown-^ed" female gave 
both black-breasted sons and dau^^ters. In the reciprocal cross all 
the sons were black-breasted (like the mother) and all the daughters 
were brown red like the father. Evidently the factor here for Brown 
Breasted game is sex-linked and recessive. In this case the new 
mutfmt sex-linked character is recessive to the wild type. 

Davenport (1912) crossed Brown Le^oms to Dark Brahmas. In 
the cross and its reciprocal all the sons are alike. Two dominant sex- 
linked factors were found,' viz, the white background characteristic of 
the Dark Brahmas and the red upper wing-coverts (and back) charao- 
tedstic of the Brown L^homs. On the other hand, the daitghten 
differ in the two croesee, in each case resembling their father in their 
hackle color. 

When two sex-linked characters are involved in a cross it is possible 
to determine by suitable matings whether an interchange between the 
ehromosomee that bear them has taken place. In the case of the sex 
chromosomes only one sex, the male, has both like chromosomes, viz, 
ZZ, and we expect from uialogy with the DrosophUa work that 
crossing-over wo\ild be found between the sex chromosomes only in 
t^e male. Goodale has recently (1917) made the important discovery 
that in poultry crossing-over takes place between the sex chromosomes 
(ZZ) in the male, but not in the female (ZW or ZO). This relation, 
therefore, is the reverse in birds and flies, for, in the one, crossing- 
over takes place in the female and in the otiier in the male. Whether 
this difference extends also to the other chromosomes in birds as it 
does in fliee is as yet not known. 

Several years ago some crosses between gold and silver Campines 
were reported by Rev. E. Lewis Jones. The results are consistent with 
the view that a sex-linked factor pair is respoonble for this difference 
in color, although the author does not apply this view to his results. 
The results may be seen in the table on page 16, to which Jones has 

* OiM may b« dlbw Mgc-linked oi aax-limlMd so f v h the eridenoa coal. 
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prefixed the Dumber of individualB. The croes also inTolved hen- 
feathering vertua cock-feathering, which appears here (as in other 
cases) to be a non-eex-Unked dominant factw. As stated aboTe*thae 
are in tits results a few apparent inconsisteneies with this interpre- 
tation, due possibly to heterozygous fem^es having been used in the 
crosses. 

Lefevre crossed Silw Spanned Hambui^ and Brown Le^oms. 
The spai^llii^ was found to be a sex-linked dominant factor. A span- 
gled cock bred to a Lef^om hen gives spangled sons and daughters; a 
spangled hen by a Leghorn male gave spangled sons and not spai^ed 
daughters. The daughters do not transmit spangling. Other factors 
may obscure the results, especially factors for black, or the localisation 
of the pattern. Lefevre says "it would seem probable that multiple 
factors for black, introduced by the Brown L^^homs, are present, and 
that these factors may have a cumulative effect, with the result that 
pigmentation is developed to varying d^rees of estemdon." Whether 
the factors for black spoken of as coming from the Lef^oms are 
dominant wild-type factors that have mutant allelomorphs in the ^ver 
Spangled Eambiu^ is not entirely clear from the quotation. 

Baur ^vee in his Introduction to the Study of Heredity (1914, 
pp. 202-203) some results (unpublished) that Hf^^oom had obtained 
by crossing gold and edlver races of Assendelver birds. The factor 
is sex-Jinked and is no doubt the same factor reported by Jones for 
gold and silver Campines and by Sturtevant for Columbian Wyan- 
dottee. Silver dominates gold and the sex relations are the same as 
those already reported by others for poultry, viz, the male is ZZ, the 
female ZW. Gold bens by a heterozygous edlver* gave 162 mlver cocks, 
163 ^ver hens, 168 gold cocks, 160 gold hens, expressed graphically 
(^ for gold, 8 for silver) : 

z«— wcxz— z»j 
2'Z^ZfZ'— z<W— z^ 

Bthnr Gold SBrcr Quid 

When a alver hen was tmited to a gold cock there woe 246 niver 
cocks and 243 gold hens — crisscross inheritance. 

Summary. 
From the standpoint of the Brown Leghorn type representing the 
wild type, the following colore and patterns represent donunant 
mutations from that type: 



White of WUto Lcihom. BAning <rf Flymoath Roek. 

BJtvo' of Duk Bnhmft. Blade (T) vt Plymouth Rock. 

Blkdc ct Mioorat. BtifF (v red). 
Lw)ing <tf BrmbinM. 
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Each d Hbema (in hetexosygous condition of course) is dominant; 
in some cases etmipletely bo, in others incompletely dominant. At 
three difFereait lod in the sex chromoscnne a dominant mutation has 
oeeuired ; at three led in other ehromosomee dominant mutant changes 
have also oeoorred. 



WI1H0 of Rom Comb tMnUm. Boown of Brown-bw Mt Bd fwne. 

Whh* ot Sn^. PMtdlinc. 

Wluto of Wliito Ro«k. 

Whether the reoeseiTe white that is sometimee found in dominant 
White Rock stock is different from both of the other recessive whites 
is not known. There are, then, 5 or 6 recessive characters that are not 
ses-4inked and 1 receemve sex-linked character. 

Owing to the relatively large number of color dominants in poultry, 
Bon» imnecessary confusion has arisen concerning the relation of the 
dominants to the wild type, and especially to other mutant characters 
to which they are said to be dominant, in the s^ise, however, of being 
epistatic. An imaginary example will illustrate thb. For example, 
if &t some locus in tiie wild type a mutation occurred that gave a 
dominant black (t. e., a black that shows up when one gene for it is 
present) axtd at the same time this black idso showed up even when 
other recesnve mutant charactera were present in homozygous form, 
then Fi birds would be black when black is crossed to such pure 
recessive stocks. Such cases have indeed been described as dominant, 
but a knowledge of Ft would have shown at once the error of such a 
system. For, if black had been a real dominant, the Ft would have 
given 3 blacks to 1 of the other type (such as the wild tj^) , but if the 
case W0e one of epistasis, then there would have been 9:3:3:1 
classes in Ft (or some modification of that ratio). In this sense, then, 
epistasis may be defined as a result that appears when one member of 
the pair of gmes produces its effect r^pu^ess of the constitution of the 
individual with respect to another gene (or other pairs of genes). It 
is curious at least to note that in the case of dominant white the term 
epistatic has been much less often used than in the case of black. 
Theoretically the two situations are exactly alike, but because black 
could so obviously conceal things beneath it, while white is not thou^t 
<rf as doing so, it seemed "natural" to m^e such a distinction. In 
reality it is not a question of covering up at all, but a case of a dominant 
character (white or black) preventing other colors from appearing. 

In the case of recessive white the situation is somewhat different 
and no one, so far as I know, has gone so far as to speak of such a white 
as epistatic, althou^ when the animal is white it certainly hides, when 
completely effective, all the other effects of color-producing factors, 
but allows them, to "showthrou^" in some of the cases. This 
means not that they do "show through," but that they only develop 
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to a "lower" degree. 'Hie differeDce between dominant and recesaive 
whites rests on the fact that in one case one member of a pair of fac- 
toTB gives white and in the other both members are necessary. But 
obviously such a distinction is not important, and if it were worth 
while the case might be argued for recesfflve whites being also epistatic. 
The whole tangle goes back to a false interpretation of presence and 
absence of characters and presence and absence of factors. As I have 
gone over this ground recently in my paper on the Theory of the Gene, 
I need not repeat here what I tried to make clear there. 

EMXXRINE CELLS IN OVARY AND TESTES OF BIRDS. 

The occurence of gland-like cdls with an internal secretion in tite 
ovary and testes of fowls has been described by a number of writers 
and denied, at least for the testes, by others, llie work of Boring and 
Pearl has done much to brii^ this question to a satisfactory solution, 
fen- they have tested out and made use of the beet reagents that ihsax 
predecessors had discovered and have used a much greater amount <^ 
material. As they have reviewed very fully the litraature of the subject, 
it will not be necessary to go over the ground again in detail. 

In the follicles of the ovary tha% are present, according to Boring 
and Pearl, groups or nests of cells lying among the connective tissue of 
the inner theca. The cells are about three times as large as the ordi- 
nary connective-tassue cells of the ovary. The cytoplasm is clear and 
vacuolated, "only occasionally containing a few acidophile granules 
which stain with the fuchsin in Mallory's stain or the eoein of Mann's 
stain, while the real interstitial cells are crowded with granules." 

When the %g is set free from its follicle, the latter collapses and the 
rupture becomes closed. A mass of cells collects in the center of the 
collapsed structure which develop yellow pigment. The cells, lying in 
the puckered edge of the follicle, may also develop such yellow color. 
The cells that produce the yellow pigment come from the nests of cells 
that lay originally mainly in the theca interna. Either by migration 
or by division they come to fill up the central cavity. The yellow 
substance in the cells is not fat, since it does not dissolve in the clearing 
oils, nor can it be protein, for it does not take acid stiuns as normal 
secretion granules of [nx>tein. It does not dissolve in HCl, HNOt, 
OF H1SO4, nor in strong EOH, althoi^ the latter turns the pigment a 
bright red color. Many other substances wh% also tried by Boring and 
Pearl, but none of them dissolved the yellow pigment, which reacts 
in this respect in the same way as does the yellow pigment in the 
luteal cells of the mRmmftl . The similarity in the nature of the pig- 
ments in the two cases is an argument in favor of the view that the 
cells that produce the pigment are the same in both groups. In tike 
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Tnimntnfti the yellow corpuB luteum is a lArge, gl&nd-4ike oigan that 
devdops after the ovum is diBcharged; in Uie bird there is also a yellow 
spot on the ovary, due to the pigment in the collapsed foUicle, but it is 
smaller and much less conspicuous than in the nuunmal. The evidence 
concerning luteal cells in the testes of tl^e bird is conflicting. One of 
the difficultiee in the sitiiation is the identification of the cells, which 
are sometimes regarded merely as the general connective-tissue 
stit>ma of l^e testis that is undoubtedly present; at other times special 
secretory cdls are discerned embedded in the connective tissue, as 
individual cells or in islands. Boring states (1012) that in nevly 
hatched chicles about half of the tissue of the testes is interstitial con- 
nective tissue; the other half consists of tubes to* cords whoee principal 
function is the development of the germ-cells. In the paper of 1912 
Boring reached the c<mclusion that there are no "interstilial cells in 
the testes of the domesticated chicken in the sense that this term has 
been previously used," and states that no evidence has been found that 
an internal secretion of iuiy kind is formed by Bay cdls of the interstitial 
tissue. 

It is not necessary to discuss wheth^ or not connective-tissue cells 
are present in the t^tee of birds, for is it generally conceded that they 
are foimd at least in certain stages, but it is important to look into the 
question as to wheth^ among tiiese interstitial cells there are others 
tiiat have an ^idocrine function. Maszetti gives pictures of such 
^and-cells between the seminal tubules of the cock bird, but says that 
^ey are rare, "even thou^ this bird has very marked secondary 
sexual characters" (Boring and Pearl). It maybe remarked parenthet- 
ically that if they had been more abundant the bird might have had 
no secondary sexiud plumage since it will be pointed out below that such 
^andular cells may have as their special function the suppression of 
these characters. 

According to Des Cilleuls, interstitial cells are first found in males 
about 30 days old and at this time the secondary sexual characters put 
in their appearance. If, as will be shown in the sequel, he means by 
interstitial cells the endocrine cells that suppress the development of 
the male plumage in the female, the appearance of these cells at this 
time would be significant; but if he implies that their occurrence in 
the male incites the development of the secondary sexual characters, 
his interpretation is open to serious doubt. Reeves found interstitial 
cells in testes of cocks 3, 5^, 9, and 18 months — more in the earlier 
stages. 

In a later communication by Borii^ and Pearl the whole question 
is taken up again with imim>ved methods, etc. Previously 21 male 
birds had been studied, just hatched to 12 months old. More sec- 
tions of this same mat^ial were made which were stained according 
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to Mann's and Matlory'a methods. In additim, a irtu^ new series 
of preparations was made. A few interstitial cells, t. e., granule con- 
taining-cells were found in newly hatched chicks, but not in any oi 
the 60 mature birds examined. 

LUTEAL-CELLS IN THE TESTES OF THE MALE SEBRIGHT. 

Finding that the testes of Fj hen-feathered birds were often flat and 
pear-shaped instead of rounded and cylindrical, as in ordinary cocks, 
and that they were often black in color, suggested, as already stated, • 
that the testes of the Sebright might be hennaphrodite in Eome element. 
It seemed not impossible that egg-cells might be found. I made a 
considerable number of sections of the testes of these birds and 
examined them under the microscope; not finding any egg or e^-like 
bodies, the slides were laid aside, but the idea that in some other way 
the Sebright's testes might correspond to the ovary of the female next 
recurred to my mind. Consequently, when in the summer of 1918 I 
had some new material derived from a castrated Sebright male that 
had partly regenerated its testes and was again going back to hen- 
feathering, and pieces from one of the old testes of a castrated bird, 
I asked Miss Boring, who was then in Woods Hole, to make some 
preparations and examine them to see if she could detect any such 
elements in them as she had found in the female. Miss Boring 
reported the occurrence of luteal cells in the testes from hen-feathered 
males, and the results have been published in a brief preliminary paper 
(1918). The abimdance of these clear cells, supposedly gland-cells 
with endocrine influences, in the testes of hen-feathered birds is in 
sharp contrast to their absence in the normal adult cock birds. It 
seems to follow, therefore, that the hen-feathering in the Sebrights is 
due to the preseoce of these cdls, whose function is the same as of the 
similar cells in the female, i. «., the suppression in both of cock-feather- 
ing. Castrating the Sebright produces its effect by the removal td 
these cells that are responsible for the suppression of cock-feathering. 

The occurrence of luteal cells in young stages of other races of poultry 
raises the question as to whether in these races the first or juvenile 
plumage, that resembles that of the hen rather than that of the cock, 
may not also be due to an internal secretion from these cells, or whether 
this juvenile plumage is only the plumage of a characteristic stage in 
development. Castration of young chicks ought to settle this point. 
Such castration experiments have been made by Goodale. The 
absence of any reference to any effect on the juvenile plumage in 
these early castrated birds probably meant that they did not develop 
precociously cock-feathering, and he writes me that he examined them 
carefully and that their plumage is like that of the normal chicks. 
Geoffrey Smith has reported the occurrence of two kinds of males 
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in a race of Le^omB, the males a! one of which become cock-feath-' 
ered before the other. May not this difference depend on the length 
of time endocrine cells nanain or begin to devdop? A histological study 
of the two types would be of the greatest interest. 

ENDOCRINE CELLS IN THE TESTES OF MAMMALS. 

In man and oth^ matntnAlH it has long been recogmzed that in 
addition to the germimd cells of the testis there are also present other 
cells, sometimes called interstitial cells, that, so far as known, have no 
immediate function in connection with the germ-cells, or at least that 
have other important functions outside the relation to the reproductive 
cH^an. That some internal secretion from these cells has an important 
influence on the secondary sexual characters rather than anything done 
by or produced by the germinal cells has been very clearly shown by 
evidence derived from three separate sources, namely, from the 
operation known as vasectomy, from an exceptional condition known 
as cryptorchidism, and more indirectly from X-ray treatment. Vasec- 
tomy involves either cutting the vaaa deferentia in such a way that 
the cut ends do not reunite. In consequence of the closure of the 
outlet of the testis the germinal cells slowly degenerate, and finally 
completely disappear. How such an effect is produced we do not know. 
That this result does take place is borne out by the unanimous testi- 
mony of all those who have successfully performed the operation. 
Ancel and Bouin showed (1903) that breaking the continuity of the 
vas deferens suppressed spermatogeneas in 8 to 12 months. Both 
the Sertoli cells (the nourishing cells of the germinal epitheUimi) and 
the interstitial cells persist. Such ftniTina.k remain sexually active and 
their secondary sexual characters are not affected. Marshall states 
that in the hedgehog the remarkable periodic enlai^ement of the 
testis takes place even after vasectomy, although the germ-cells have 
disappeared. 

In Tyiarritfr^ftlH the testes fail at times to pass through the inguinal 
canal, and, in consequence of their retmtion in the body-cavity, the 
germ-cells fail to develop. On the other hand, the interstitial cells 
of the testis develop ncamally. Cryptorchid individuals show the 
normal secondary sexual characters of their species. How retention 
erf the sperm should give rise to the same result as cutting the duct, 
viz, absorption of the germinal cells, is not known. A posmble solution 
may be found in the pressure exerted on the testes, bo^ when retained 
in the abdomok and whok th^ outlets are stopped by tying or cutting 
the ducts. 

Finally, it has been long known that ccmtinued or repeated exposure 
to X-rays <x to raditmi causes the destruction of the gam-cells, but 
leaves the intentitdal cells intact and presumably functional. Destruo- 
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tion of the gam-cell by X-rays haa no effect od the secondary sexual 

oharacters. 

This threefold evidence demonstrates that in the male of the mam- 
malia most, perhaps all, of the secondary sexual character that are 
affected by castration are not affected by the destruction of the germ- 
cellfl. This conclusion supports very strongly the view that the inter- 
stitial c^ are the cellular element in the testes that influence throi^ 
internal secretion the development of the secondary sexual characters 
of the male. 

Equally important are the results that relate to the accessory organs 
of reproduction, such as the glands that open into the vas deferens 
(prostate, Cowper's gland, etc.) and the cc^nilatory organs also. In 
the castrated m aTn ^ nftlB these organs diminiBh in size. On the other 
band, after deetruction of the germ-cells in the testes (or even when 
Giey [ail to develop as in cryptorchid individuals) these accessory parts 
are unaffected. In birds, as will be shown, the situation is entirely 
different. 

CYCUCAL CHANGES IN THE INTERSTITIAL CELLS IN 
HIBERNATING MAMMALS. 

The dbanges that take place in the interstitial cells in mftmTT>a.lH that 
biberoate and in which there is a definite rutting season following 
hibonation have been examined by se^^ral workers. The mole has 
been studied by Regaud (1904), L^caillon (1900), Tandler and Gross 
(19U); the marmot by Hauseman (1895) and Gaugioi (1903); the 
hedgehog by Marshall (1911); and the woodchuck by Rasmussan 
(1917). In the mole the interstitial cells are most abundant when the 
tubules in which the spermatogeneras is taking place are least devel- 
oped, and vice versa. In the hedgehog the increase in both tissues takes 
place at the same time. In the woodchuck both tissues increase rapidly 
after hibernation (during March and April), after which the spermato- 
genesis continues actively for the two following months (May and 
June), while the interstitial cdls retn^ptide rapidly during April and 
remain at a low level for the rest of the year. Hetrogressicm in the 
germinal epithelium begins in July, after the rutting season is past. 
It appears from this evidence that the activity of the two tissues does 
not always run the same course. Since the secondary sexual characters 
of the male, which are not well developed in these animals, are not so 
far as known affected by the condition of the testes, the evidence does 
not have any very direct bearing on our present topic. How far the 
sexual behavior of these TnftTnTnw.lH is deterioined by the quantity or by 
the activity of the interstitial cells is not very clear from the evidence, 
althoi^ tha« is a very noticeable increase in the amount of this 
tissue just before and during the rutting season. In the mole also tba 
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interstiti^ cells b^in to increaBe just before the mating season, and 
the increase continues for scvobI months after mating has taken place. 
It is difScult to judge how great or how little the change amounts to 
unless t^e whde (»gan is considered, for the relative volumee of the 
seminal tubes and the interstitial tissues does not give a measure of the 
total volume of these tissues, since the testes may decrease greaUy 
in sise when tiie seminal tahea retrc^rade, and the apparent increase 
of the interstitial cdls at the time may not increase tbe total amount 
(rf that tissue present. 

Probably more important than the ratio of interstitial tissue to 
tubules is the activity of the former. Rasmussan states that in the 
woodchuck ihe interstitial cdls not only increase in number immedi- 
ately after hibernation, but the increase in amoimt of this tissue is 
largely due to increase in the cytoplasm, in which there appears an 
accumulation of fatty globules in the more peripheral parts <^ the cells. 
In the central cytoplasm an abundance of fine Upoid granules develops. 

Marshall has made some interesting experiments on the hedgehog 
at different seasons. Castration in March prior to the breedii^- 
season has an influence on the accessory generative (Vgans (vesiculn 
seminales, prostates, and Cowper's glands). They remain in the same 
undeveloped stage in which tiiey were at the time of operation. If 
castration is carried out very eaxly in the breeding-season, when the 
accessory reproductive organs are about half developed, their further 
enlargement is prevented. In so far as the accessory organs rank as 
secondary sexual organs, their complete development is thus shown 
to depend on the testes. Transection of the vasa deferentia before the 
b^pnning of the breeding-season affects somewhat the enlai^gement of 
the testes, but produces no effect on the accessory organs. 

HERMAPHRODITISM IN POULTRY AND THE SECONDARY SEXUAL 
CHARACTERS. 

Several hermaphrodite birds have been described (Brandt, 1889; 
Sbattock and 3eligman, 1906; Pearl and Curtis, 1909; Smitii and 
Thomas, 1913; Bond, 1914; etc.). The most recent and complete 
account of such birds is that by Boring and Pearl. They examined in 
all 8 hermaphrodites, or at least 8 birds that showed in their pltmiage, 
or other secondary sexiial charactns, peculiarities of both sexes. Five 
of the birds came from Herr Houwink in Meppel, Holland, who had a 
stock in which there appeared, in 1911, two hermaphrodites out of 80 
birds, and in 1012, three out of 80 birds. These we^ the birds studied 
by Boring and Pearl. In addition, when Pearl saw Herr Houwink's 
birds in 1910, "there were then on band a considerable number of these 
supposed hermaphrodite birds." An anatomical study of the Holland 
birds showed that one of them was nearly a normal female; three, the 
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authors say, were "evidently undeveloped f enudea. They have infantile 
oviducts and embryonic ovaries." It should be added that there was a 
tumor more than twice the size of the ovary attached to or part of the 
ovary. If the ovary itself was affected by the tumor, or the tumor was 
a part of the ovary, the slightly unusual condition of the birds might 
be accoimted for. Of the other 3 birds, 2 are also subjected to have 
ovarian tmuor^ while in the third bird streaks of a secretion which 
resembles the substance of the tumor of the other two were found. 
The change towards male plumage in these 5 birds is probably due 
either to the incomplete devel<^ment of ovary or to the effect of the 
tumor on the ovary. Althoiigh luteal cells are described as present, it 
seems probable that their total number might be less than in a normal 
bird, and hence their insufficient secretion would CaU to suppress the 
dev^opmrait of male pltunage. From this point of view tt^se birds 
are no more hermaphrodites than is a hen with her ovary taken out. 

The remaining Holland birds were entirely different. On the left 
ude there was an ovary in an inactive condition ; on the rij^t side there 
was a testis, producing spermatozoa. Sections of the testis show 
that it is noimal, consisting of a mass of tubules with very little con- 
nective tissue between them. In both ovary and testis tiere are "a 
few nests of luteal cells near the surface. The ovary contains eggs, but 
is abnormal to some extent." The authors state: 

"In external i^tpearance it is mme like a male than the others, which fact 
correlates well with the active ctmdition of the testis aod inactive diseased 
ovary, with only one corpus luteum scar. The interstitial cells can scarcely 
be held accountable for the male secondary sex charactets, aa the only ones 
in an active secreting condition are a few in the ovary." 

It is not quite clear what is meant in this quotati(m by the statement 
that the interstitial cells can scarcety be held accoimtable for the male 
secondary characters unless to si^gest that they cause the development 
of these characters in the male, as they are supposed to do in mftmrnftlH — ■ 
a view that the authors do not seem at other times to hold. 

Another hermaphrodite (Atwood's black) had an infantile oviduct 
and an ovotestis. A second bird, too, had an ovotestis — ^mostly 
testis — as well as a rather lai^e oviduct. Collections of luteal cells 
are described between the tubules of the testicular portion. If, as 
suggested by the Sebright cases, these cells tend to suppress the female 
plumage, their presence here in excess might at least be made to accotmt 
for the female part of the plumage of this bird. Comparing the last 
two birds (that showed active sex-behavior as males) with the best 
of the Holland birds. Boring and Pearl point out that the active sex 
behavior of the two former can not be due to "interstitial cells that are 
absent in these but present to a slight extent in the former." Th^ 
then add " . . . . though the differences can not be laid to the lutear cells, 
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as Uiey are present in all three." That the relative amounts ci the 
Utter or theor activity might atill be accountable for ihe difference 
would not seem oitirely exduded (ram the evidence so far as it is given. 

A fourth hennaphrodite (Dexter's) laid 12 eggs and had a targe 
eoiled oviduct. There was present "a large, lobulated reproductive 
GTgan on the left," i^ch proved to be an ovotestis. Several ovarian 
tumors WOTe present and Uiere was testicular tissue. 

It is fairly evident, then, that four of these birds described by Boring 
and Peari were females with abn<»rm&l ovaries. The incomplete 
devdopment of the latter, or their abnormal condition due to tumors, 
may sufficiently explain the occurroice of male secondary sexual 
characters. That these tumors affect, to different d^rees, such charac- 
ters is expected from what is shown by imperfectly spayed females of 
n(HTnal breeds. 

There are a few statemoite in the Bununary of this paper that call for 
comment. The statement that the "develcq>ment of comb, spurs, 
and wattles does not stand in direct quantitative relation to the sex 
of the gonad," appears to be only intended as a statement of fact based 
on the author's observation. But in what sense is there an expectation 
that they should stand in such relation beyond the obvious fact that 
in 1^ cook the comb and wattlee are larger than in the hen, and that 
spurs are generally present only on the cock. But if the expression 
"sex of the gonad" implies the germ-cells it is not at alt certain that 
there is any expectation of a quantitative relation, and there is some 
probability at least that other cells than the sex-cells are involved in 
the development of combs, wattlee, and possibly spurs. A castrated 
cock has a smaU comb reeonblii^ that of the female bird. On the 
other hand, removal of the ovary sometimes leads to an increase in the 
comb and wattlee. Here we have, to say the least, a paradoxical 
sitiiation, for the result looks superficially as though something in the 
ovary keeps down the hen's comb, while something in the testes keeps 
up the cock's comb, yet when the ovary is removed the hen develops 
a cock's comb; when the testes are removed the cock develops a hen's 
comb. The real meaning is, I think, that the genetic complex for 
femalenees (one Z or else ZW) stands in itself for a full-sized comb, 
whUe the genetic comply f<n- maleness (two Z's) stands in itself for 
small comb. 

Boring and Pearl state that "bodynghape and carriage have a genetic 
ration to the sex oi the g<Hiad." This statement means, I think, 
that the amount of testicular matter present stands in some direct 
relati(m to the shape of the body and carriage of the male. Castration, 
both of the normal cock and the Sebright, seems to change the carri- 
age Bomewtiat and perhaps the sfai^. Both lose something erf the 
peculiar attitude of the male, but I have not been able to my own 
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BatisEaction to analyze what this meana. As has be^i pointed out, and 
as the pictures show, the castrated Sebright changee his attitude, but 
whether this is a change due to his new contour, or to a new balance 
resulting from a large tail, or to a let-down resulting principally from 
effects on the nervous system, is difiBeult to determine. The same 
statements apply in part to the castrated cock of ordinary breeds, but 
not to the same d^ree, since the change after castration, in feathering 
and in carriage at least, is slight. 

The conclusionB that the "amount of lutear cells or pigment (?) is 
in precise correlaticm with the d^ree of external somatic femaleness 
exhibited by the individual" is of especial intereet in ccnmection with 
the Sebright evidence. It is difficiilt, however, to gather from the 
body of the paper what the absolute amount of luteal cells is that is 
present, for even in some of the more male-like birds with an ovotestis 
the description leads one to suppose that there may be as much luteal 
material present as in some of the more female birds with infantile 
ovaries or cystic tumors. 

Pearl and Curtis (1909) described "a case of incomplete herma- 
phroditism" in a Barred Plymouth Rock fowl. Externally the bird 
looked like a hen, but "the head and neck resembled these parts in 
the cockerd," especially the comb and wattles. The bird was never 
seen to tread a hen, nor did it ever crfm normally. An ovary and 
oviduct were found on the left side, the former no huger than that of a 
laying hen after removal of the large yolks. No e^ were visible on 
its surface. On the right side a testis (9 mm. by 6 mm.) and vas 
deferens were present. No ^gs were fotmd in the ovary, and it gave 
every indication of being in a d^enerating condition, with no eg^ 
or ^g folliclee in it. The teetis had no "ncnmal seminiferous tubulee," 
but indications of cellular rods were present. The <H'gan is in all 
probability a degenerating testis. 

A Leghorn 2 years old has been described by Shattuck and Selig- 
mann (1906) that had the full-developed comb and wattles of the 
cock, but the former drooped slightly to one eide as in the hea. Well- 
developed spurs were present. The plumage was mainly female, with 
neck-hacklee moderately developed, and with "saddle-hackles" prac- 
tically absent. The tail, thou^ not typically female, lacks sickle 
feathers. The bird excited no notice from other birds ci either sex. 
A laige left oviduct and the distal end of a right oviduct were present. 
Two vasa defer«ttia were also present. In the left side a flattened sex- 
gland (3 cm. high) was found, made up of testicular tubules. Two 
small ova were found in its posterior end. The right gonad was also 
tubular (teetis). 

The occurrence of real testicular tissue in (me of the Holland birds 
and in tiiree others described by Boring and Pearl, as well as in one 
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deecribed by Peaii and Curtis, and in another by ShsUuck and Sd^- 
mann caHa ior special ccminwnt, since the preeence of both testicular 
and oTarian tiseue in the same bird is the essence of hermaphroditism. 
In genial there are two ways of looking at such a result. Either the 
sez-detennining factors have been changed so that in one part of the 
body, wh^e the reproductive oTgans are laid down, one condition can 
prevail, in other partsothei'c(HiditionB;or a mixup of the sex chromo- 
Bomee has taken place. Until we get some more evidence concerning 
such cases it is useless to speculate, although the former view might 
seem the most probable of the two if the Holland birds of Herr Hou- 
wink's flock were in a high d^ree true hermaphrodites. 

But in fact three of the four deseribed by Boring and Pearl wa« 
due to tum(»B of the ovary, which, if they suppress the normal develi^ 
msnt of this organ, would be expected to call forth the appearance of 
the secondaiy sonial diaracters of the cock. If the likelihood of 
developing a tumor were inherited, the frequent occurrence of hen- 
feathered birds in this flock would be explained. However, one true 
hermaphrodite in 4 birds is surprisingly high for a diance result, since 
hermiq>hrodite birds are very rare. 

The second interpretation su^eeted above is one that has been 
advanced and established by genetic evidence in Drosopkiia, vis, 
dislocation of the sex chromosomes. In the case of birds ^e male is 
supposed to be duplex for the sex factors (ZZ), the female simplex 
(ZW), and consequently the chromosome-diBtocation hypothesis must 
be worked out contjawise in birds and insects. We should have to 
suppose that such birds start as males (ZZ), and that at scone division 
of ihe cells of the embroyo one of the Z's became lost (left at the cell- 
watl far rumple) . All the cells that got ZZ would be male; all that got 
Z would be female. If the reproductive r^on included cells of these 
two kinds, an ovotestis would result. The rest of the body should be 
the same, or neariy so, since the soma of male and female birds is alike 
whether ZZ or Z, except in so far as it is affected by the secretions from 
the ovaries (in most races of poultry), or from the testes if the race 
be Sebright, Campines, or Hamburgs. Birds with ovotestis might, 
nevertheless, be expected, on this view, to show at times an inter- 
mediate condition of the secondary sexual characters, according to 
how much internal secretion is produced in the ovotestis. In other 
words, the chromosome loss might involve much more extensive 
r^ons than the reproduction organs, but show its effects first in that 
OTgan and then indirectly other parts of the body be affected by the 
luteal cells of the testis. Th^ra is one rather good piece of evidence 
that seems opposed to this interpretation. In the hermophrodites the 
oviduct is present in all cases. Its conspicuous presence in the four 
bennai^irodites would seem, thenion, to indicate that the birds 
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started as females (ZW), which is incoDsiBteiit with the dialocatioD 
hypothesis, l^e alternate would be that in all these cases the Z part 
always included the region of the oviduct, whidi seems improbab^. 

There is another possibility, viz, that in birds a sex-factor is carried 
by the W chromosome, and ZW is a fonale not because of one Z, but 
due to the presence of W. If so, then one Z at two Z's might give the 
same result, viz, female. If a bird started as female, (ZW) and chromo- 
somal didocation occurred, tlwn the Z parts would be female and the 
male part W. Until we get evidoice on this p<Hnt it is not worth 
^borating. Without genetic evidence from hybrids, the interpretatitHi 
of hermaphrodites in birds can have at pvsent only a specuiative 
interest. We may hope some day to get the same Idnd of evidence 
as in the case of DrotopkUa. Hermophrodite hybrid pheasants that 
have beem often described might seean to furmsh a h(q>eful field, fc^ 
they appear to be quite ccxmmon and to show characteristics oi both 
races. As yet, howevo*, no one has, I titink, succeeded in finding a 
ample interpretatitm of the results. It is ^so not unlikely that many 
of Uw pheasant cases are not true hermaphrodites, but due to failure 
of ntH'mal development of the re[»-oductive gland, which gives an 
intermediate or mixed type <^ seccmdary sexual characters. 
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PART II. 
DARWIN'S IHEDRY OF SEXUAL SELECTION. 

Darwin aeems to h&ve f dt the neoeBrity of giving some other explana- 
ticm for the secondary sexu^ difFerencefi between the male and female 
than that such difTerences were only a by-product or concomitant of 
sex itself. His reascw for searching fmliher was probably a part of the 
general ptrint of view he had reached in r^ard to the utility of special 
structmes of animals, namdy, that their presence finds its explanation 
on the basis of utihty. Believing as he did that most of the adaptations 
of ]riants and ftnimalw have been built up by the accumulation of small 
steps, it must have appeared to Darwin iaconceavable that the highly 
developed ornamentation exhibited in the secondary sexual characters 
could have been simply the by-product of sex itedf, especially when 
the cnnamentation may have been entirely absent in males of closely 
related species. To-day we are not, I think, so oppressed with the 
difficulties of the situation, for we have become faTniliftT with the fact 
that very slight genetic differences may cause very great differences 
in the end-product. In a word, the problem seems less formidable to 
us than it did to Darwin. 

Darwin appealed to three processes to account for the facts: (1) to 
natural selection between the memba« of the same sex; (2) to choice 
on the part of the "othetr" sex; (3) to the "inheritance of use." Since 
each of these appeals to a diff^^nt procedure, let us take them up 
s^)arately. 

Competition of the males with each other for the fenude would, 
Darwin said, lead to the survival of those males best endowed with 
(Hgans of offense and defense. The spurs of the cock are weapons dan- 
gerous fcv other birds; the horns of the bull and those of deer are used 
for offense and defense; the mane of the lion is a protection against the 
teeth of othw lions. It is true that these same weapons and shields 
serve for attack and defense outside the species; but ednce the female 
lacks them or has them less developed, they would not seem necessary 
for survival of the individual against i^^greesion from without. They 
have developed, then, through competition within the species. 

Several objections of greater or lees weight have been urged against 
Darwin's interpretAtion. It has be^i pointed out that the combats 
within the speciee are seldom fatal and \h&t the defeated rival finds 
anotiier mate. If, as a rule, there are as many females as males within 
the qMciee and monogamy is t^e rule, all males will find partners 
sooner or later, all may have offspring, and the offspring have equally 
good chances of survival. Under these circumstances it is not to be 
expected that the combat would be likely to lead to the production of 
males with longer spiuv or larger hams. 
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Darwin realized this difficulty and tried to meet it by another 
assumption, viz, that the better endowed malee woiild eUao be mare 
likely to have more offspring. How could this be made probable? 
Darwin suggested that Uie strongest malee would be in position to 
mate with the first females to reach maturity, and if these were more 
likely to have offspring, either because of maternal endowments that 
made them also more prdific or because the earlier broods would have 
a better chance of getting food, etc., then the successful competitor 
would sooner or later impress his advantages on the race. 

At other times Darwin suggested that the exceptional vigor that 
led to the greater development of the character in question would 
its^ be of value and through transnussion to the offspring lead to 
advance in the development of the other character in question. But 
here the argument shifts to another field of inquiry and survival is 
ascribed to greater vigor, while the secondary sexual character is carried 
along in its wake as a sort of correlated effect. 

It will be conceded, I think, that such pleading does not help the 
argument, but exposes rather its inherent weaknesses. There is, 
however, a line of defense that is permismble. If monogamy is not the 
rule, if t^e male captures or attracts several females and keeps a harem, 
as do the fur seals and walruses, or rules a herd as does the bull, or has 
a flock as does the cock, or mates more frequently with random females 
than do some other males, then the advantage of his more developed 
weapon might lead to more offering. If it could be shown that such 
intxaspecific weapons prevail more frequently within polygamous spe- 
cies, a fair ai^ument for natural selection mif^t be made. Idonotknow 
wheth^ such a census has been taken as yet, but it is true, I think, 
that in most polygamous groups we find weapons of offense very highly 
developed. The fur seal has a harem and the male is greater in size, 
in strength, and in the development of his tusks than is the female. 
Similarly for the walrus. The bull drives away rival bulls from the 
herd until through age or injury, or tiirough the development of a 
better ^|hter, he is replaced. If the better endowment is due to a 
genetic factor, we should expect natural selection to keep the race at 
the highest posedble level that variation supplies materia for. If, then, 
we confine ^e application of natural selection to cases of this sort, Uie 
explanation is as valid as is the theory in other fields. Such a con- 
clusion becomes weakened when an attempt is made to apply it to 
other groups of animals in wliich it appears improbable that the 
secondary sexual characters of the male have any obvious value as 
organs of offense. There are families of beetles, for example, in wliich 
the developmeait of the horns of the male are as striking as are those of 
the ram or the stag. The males of these beetles are not known to fight 
with each other, nor are they polygamous. It may seem that we must 
look here for some othw explanation, which, if found, mi^t sufilce to 
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eovtr also the case of birds and mftmmala Id answer to this criti- 
cism it may be ai^ed that it is also possible that the other explana- 
tion when found need not necessarily apply to the higher animals, 
where the laws of combat may still give the true explanation. On the 
whole, I think that, for our present purpose, it will suffice to state 
it is conmstent with the theory of natural selection to accept provieion- 
aUy this part of Darwin's theory for those species in the higher groups 
in which polygamy holds, conceding, however, that even here it may 
have to be altered whenVuller knowledge is gained. 

We are took concerned with that special feature of Darwin's theory 
of sexual sdection that is applied to those cases where the character 
are supposed to owe their special development to selection by the 
individuals of the opposite sex. It is assumed that the female chooses 
the better widowed males, because of the strong appeal he makes to 
her sense-oi^ans. Here we must employ perforce or for brevity's sake 
t&e terms used in human psychology, and nm the risk at every turn of 
imputing to other animals the emotions and acquired associations 
wiiich mian himself utilizes. Even granting that other animals pos- 
sess somewhat similar emotions to ours, there still remains always ihe 
danger, in the absence of real evidence, of imputing to them the par- 
ticular emotion that we call "feeling fra* b«iuty"; and the greater 
danger of imputing an esthetic sense so highly developed that the choice 
falls in the long run on the suitor better ornamented than his rivals. 

OTOER TOEORIES TO ACCOUNT FOR SECONDARY SEXUAL 
CHARACTCRS. 

Wallace has always been an opponent of Darwin's theory of sexual 
selection in so far as it is based on female choice. As already stated, 
he believes that the diff^ence between the pltmiage of the male and 
female in birds is due to natural selection keeping down the ornamen- 
tation and high coloration in the female, because these would be 
expected to expose the female while utting on the nest to the attacks 
of enemies, more especially of hawks. In support of Uiis view he 
points to a long series of species which build exposed neets and in them 
the female is plainly and inconspicuously colored, while he also points 
out that in such birds as parrots, toucans, woodpeckers, hangneets, 
and starlings, whic& nest in holes or have covered nests, the female 
is often as hi^y colored as the male. It can not be denied that 
he makes out rather a strong case in support of this view, despite the 
ftict that there are other birds, like the Baltimore oriole, that have 
covered nests and in which the sexes are very markedly different. 

Wallace tries to meet cases like the last one by assuming that the 
covering keeps off the rain ; but, if so, why are the sexes still so different? 
In the case of other highly colored birds, such as jays, magpies, hawks, 
and crows, Wallace believes that these birds are aU aggressive, hence 
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can protect thdr nests if attacked. As a further support of his 
view, Wallace pointB out that in the few cases where the female is 
more highly colored than the male (as the dotterel, species of phalarope, 
an Australian creeper) the male incubates the egg^. 

Wallace's suggestion stUl leaves imexplained the ornamentation of 
the male, which he tries to account for as the direct result of the greater 
vitality of the male. He tries to show ^ta,t excesmve omamoits and 
hi^ col<Hation develop especially in those parts of the body to which 
there is an unusual supply of blood or -wbem nerves and blood-vessels 
emerge to go to the skin or to the muscles. 

" If we have found a vera causa for the origiQ of omamental appendages of 
birds and other nnimftlH in a surplus of vital energy, leading to abnormal 
growths in those parte of the integument where muscular and nervous action 
are greatest, the continuous development of these appendages will result from 
the ordinary action of natural aelecti(Hi in preserving the most healthy and 
vigorous individuals, and the still further selective agency of sexual stnigg^ 
in giving to the very strongest and most eoei^tic the parentage of the next 
generation. And, as all the evidence goes to show that, so far as female birds 
^lercise any choice, it is for ' the most vigorous, defiant, and mettlesome male,' 
this form ot sexual selection will act in the same direction, and help to cany 
on the process of plume development to its cuhninatioa. That culmination 
will be reached when the excessive length or abundance of the plumes b^ns 
to be injurious to the bearer of them; and it may be this check to the further 
lengthening of the peacock's train that has led to the broadening of the 
feathers at the ends, and the consequent production of the magnificent eye- 
spots which now form its crowning ornament. 

"The display of these plumes will result from the same causes which led to 
their production. Just in proportion as the feathers themselves increased in 
length and abundance, the skm-^nuscles which serve to elevate them would 
increase also; and the nervous development as well as the supply of blood to 
these parts being at a maxintum, the erection of the plumes would become a 
habit at all periods of nervous or sexual excitement. The display of the 
plumes, like the exktence of the plumes Uiemaelves, would be the chief external 
indication of the maturity and vigor of the male, and would, therefore, be 
necessarily attractive to the female. We have, thus, no reason for imputing 
to her any of those esthetic emotions which are excited in us, by the beauty of 
form, color, and pattern of these plumes; or the still more improbable esthetic 
tastes, which would cause her to choose her mate on account of minute differ^ 
ences in their forms, ed^tn, or patterns." 

Wallace says, referrii^ to the immense tuft of golden plumage in 
the best known birds of paradise (Paradisea apoda and P. minor) that 
springs from a very small area on the side of the breast, that Mr. Frank 
E. Beddard, who has kindly examined a specimen, says that "this 
area lies upon the pectoral muscles, and near to the point where the 
fibers of the muscle converge towards their attachment to the humerus. 
The plumes arise, therefore, close to the most powerful muscle of the 
body, and near to where the activities of that muscle would be at a 
TnftTJmiim. Furthermore, the area of attachment of the jjumes is jxist 
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above the pcnnt wlien the art«aiee and n^res for the suj^Iy (rf the 
pectoral musclee, and neighbormg regions, leave the interior of the 
body. The area of attachment of the plume is, also, as you say in your 
letter, just above the junction of the coracoid and sternum." "Orna- 
mwtal plumee of considerable size rise from the same part in many 
other species of paradise birds, sometimes extending laterally in front, 
so as to form breast shields. They also occur in many humnm^irds, 
and in some sun Inrds and hon^-euck^^; and in all theee casee there 
is a wonderful amount of activity and rapid movement, indicating 
a surplus of vitality, which is able to manifest itself in the development 
of these accessory plumes.'" 

There are two serious defects in such an attempt to explain the facts. 
In the first place, it has been shown in several casee ^t have been 
studied that it is not the lessened "vitality' ' of the female but the suppres- 
sion caused by the ovary that keeps down the development of the full 
plumage in that sex. In the second place, the anatomical influences 
appealed to are imaginary rather than real, for it is by no means 
apparent that the local exits of blood-vessels and nerves to musclee 
are at all correlated with the location of the ornamental parts, in the 
skin. Even when larger blood-vessels run to the region of excessive 
development of feather ornaments it may well be that they go there 
because the ornaments in question use them for their nourishment; in 
other words, Wallace puts the cart before the horse. Thetopof thehead, 
where crests so often develop, the throat coloration and throat shields 
of hummingbirds and birds of paradise, the two long tail feathers of 
several species of hummingbirds, etc., do not arise, so far as known, 
from regions which are conspicuous for a rich supply of blood and 
nerves. Wallace's appeal to underlying organs such as muscles that 
supposedly influence the special development of the feathers in the 
^cin above does not sirike one as a fortunate appeal to physiolc^cal 
principles. 

Hudson, in his interesting book, "The Naturalist in La Plata," has 
also criticized Darwin's theory of sexual selection. He has brought 
together a considerable number of interesting observations that go to 
show that the displays — dancing, singing, and combats — of males and 
females have no relation to mating. Many of them involve birds 
ab'eady mated, sometimes several males participating, sometimes 
males and females together. Some of the tourneys he describes are 
more elaborate than the mating instincts themselves, yet are not con- 
cerned with mating. He attempts to explain them as overflow phe- 
nomena, i. e., as expressions of the high vitality of the males, especially 
at this time. If he is right, then elaborate exhibitions of these kinds 
have evolved that have no special connection with mating. Are we 

* For MtM^ utd jnpiatiiy io hami nla t biH h, ••« TropiiMl N*tiin, p^ ISO, 318. 
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colled upon for a difFerent explanation for otiier differMtoee that dia- 
tinguiBh the sexes? One example will suffice to bring out a curious 
emotional (?) display that, elaborate as it is, has no apparent connec- 
tion with matii^ (p. 269) : 

"The lapwing display, called by the natives its 'dance' or 'serious dance' — 
by which they mean square dance — requires three birds for its performance, 
and is, 80 far as I know, unique in this respect. The birds are so fond of it 
that they indulge in it all the year round, and at frequent intervals during the 
day, also on moonlight n^ta. If a person watches any two birds for some 
tjjne — for they hve in pairs — he will see another lapwing, one of a neighboring 
couple, rise up and fly to them, leaving bis own mate to guard their chosen 
ground ; and instead of resenting this visit as an unwarranted intrusion on their 
domain, as they would certainly resent the f4)proach of almost any other bird, 
they welcome it with not«s and signs of pleasure. Advancing to the visitor, 
th^ place tbanselves behind it; then all three, keeping step, b^n a r^id 
march, uttering resonant drumming notes in time with their movements; the 
notes (A the pair behind b^ng emitted in a stream, like a drumroll, while the 
leader utters loud mn^ notes at regular intervals. The mareh ceases; the 
leader elevates his wings and stands erect and motionless, still uttering loud 
notes; while the other two, with puffed-out plumage and standing exactly 
abreast, stoop forward and downward until the tips of their beaks touch the 
pround, and sinking their rythmical voices to a murmur remwi for some time 
m this posture. The performance is then over and the visitor goes back to 
his own ground and mate, to receive a vistor himself later on,"< 

Cunningham, who has brought together many interesting cases of 
secondary sexual differences in bis book on " Sexual Dimorpbi^n in the 
Animal Kingdom," attempts to show that the development of the 
secondary sexual characters of the mates are due directly to the use of 
certain parts of Uie body during courtship — the use of the parts leading 
to the enlai^^ement and excessive growth of the parts. The effects 
are believed by him to be inherited,and hetriee, furthermore, to sbowthe 
■way in which such acquired characters could be Inherited. He makes 
use of the modem idea of hotmones — substances that are elaborated 
in many organs of the body, whose effects are often most conspicuously 
produced in otiier parts of the body. He imagines these hormones to 
be collected in the germ-cells and transmitted to the next generation, 
where their presence contributes to the further development of the 
special r^on (when it devdops) that corresponds to the r^on in 
its parent in which the hormone was made. His q>eculation meets 
in the first place with the general objections inherent in Lamarck's 
theory — objections so well recognized to-day that I need not go over 
them here. His special appeal to the hormone theory makes use of that 
theory in a way to which it was never intended to be put, by assuming 
that an internal secretion formed in one organ can be stored up in 
another organ, ^g^ and spenn — an assumption not only unsupported 
by ai^ evidence, but, as I have stated, one quite foreign to the hcn*- 

> TIm Natnnliit in L« PUU, W. R. Hud«on, London, 1802, K>. 3W-37a 
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nume theory. Id fact, Cunnin^um's suggestion is nothing more than 
Darwin's <4d idea of pangens, wiiich, being imaginary, could be en- 
dowed with all deorable propekiee. But raie can not invoke a chemi- 
cal subetuioe, even a hcwmone, and tb«i at the critical moment endow 
it with qwdal virtues. 

A imther unique explanation of the origin of secondiuy sexual oharac- 
ten is made by Stolxmann. His arf^ument runs as follows: (1) There is 
a great excess of males in birds; (2) the males left over alter mating 
are useless to the epoaea, since they can not propa^^te and they con- 
sume food needed by the reproduciDg part of ibe pc^iulation; (3) the 
0(mqHcuou8 coloration of tiie male has been evolved in order that he 
oould be seen more readily by birds of prey and the objectionable 
exoees of males removed; the ctmjb of the cock has developed in order 
that he may be the more easily killed by other cocks. 

Stolsmann's account ctf the origin of the plumes of the birds of 
paradise dtould be imnKxtalixed in the literature of the subject: 

"Nous c(anpr«idron8 auaai fadlement la prtenee de longues plumes cbei 
lee males de lUHnbmme emAoes, oonune p. e. ches les oiseaux de paradis, chei 
lea veuves (Vidua) et cbei rensmilevent africuQ {Comutorma). Tellee 
plumes cot pcobablemeQt pour but de relantir le vol des males. J'ai constate 
chei la Loddigetia imra&UM (oiseaumouche p^nivien), que le vieux male 
pOBB^ I'aik quelques millimetres plus courte que le jetme male ou la femelle. 
Get avorteineDt des remigee provient aasurteent a cause de d^veloppement 
exbaordinaiie de letricee extemes dkt» le vieux male de «et oiseanmouebe. 
8i doDC d'une part les retrioee allongees readrait le vol plus difficile et d'hautre 
les ailfis plus petites diminuent sa vflocit^, le vol du male doit £tre plus lent 
que oelui de la femelle, le poids du corps restant la, mfone. Le d^velop- 
pement extraordinaire soit des remiges soit dee rectrices, eo rdanHasantlo 
vfjl des malee, nod leur rdle plus diffidle, en fadlitant en m^me temps celui 
des femdlee. Nous pouvooa prendre eaaane emn^ le Cotmdornis, qui, 
ccnnme tous lee engoulevNits, se nourrit d'inaectes, qu'il attrape au vol. Ches 
cet oiaeau quelques plumes des Eules se developpent extraordinairement pendant 
VdpoqoB de reproduction, en retardant visiblement son vol. II est done facile 
a remarquer, qu'alors le male, ayuit lee mouvementa plus lourds, n'est pas en 
Mat de se procurer la mtene quantity d'insectes qu'auparavant; ainsi done la 
temeUe a plus de ohanoea de trouver une nourritaue plus alxmdante." ' 

Equally worthy of perpetuation is Stolzmann's explanation of 
dancing and fringing birds: 

"Toutfis les rtuoions des malee, leurs dansee biaaires, leur chant, enfin, ne 
aervent pas probablement a sMuire les femelles, mais pour distraire lee nuiles, 
ce qui rend plus faciles lee beecwnes matemeUes dee f^nellee et au surplus lee 
prot^e contre I'assiduite nui^le des c^libataires. Darwin lui-mjxne con- 
state K fait, qu'ordinairement pendant lee r^unicms des males, quand ces 
demimB scat trap oocupee par le oombat ou la danse, la femelle s'ech^>pe aveo 
un d'eux poor copuler. Auui done dans oe cas c'eet bieo la aeleotion naturdle 
et non la ejection sexuelle, qui agit pour la couservatioD d'^uUibre sezuel." * 

I, p. 431, Qndqwi rcBMiquaa mat U 
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DISPLAY OF THE MALE. 

The antics of male birds at the mating season, their oourtdiip 
so-called, has played an important r61e in Darwin's theory of sexual 
sriection. The bdiavior of many birds at this time is of such a kind as 
to suggest that the male is exhibiting his plumage before the female 
for the "purpose" of influencing her choioe. The whole paraphav 
nalia of human psycholt^^ is imparted into the situation and both the 
consciousnees of the male, his intentions so to speak, and the supposed 
esthetic response or choice of the female is invoked. Evera though it 
be granted that the words that we must make use of, borrowed fr<an 
human behavior, are such as to imply much more in the direction oi 
consciousness and purpose than is desirable, and that most (rf the 
behavior of aTiimals ^ould be stated in a mora roundabout and 
objective way, yet the theory will only wwk out on the assumptkHi 
that the female chooaet in some sense the more brilliant or omamental 
(or effective) male, whether she is "consdous" or imconscioua of 
intention. I doubt if anyone to-day would care to defend seriously 
the theory on the grounds of consdousnees or estiietic value of the 
exhibition, despite the fact that Darwin's language often takes this 
turn and the less-guarded statements of some of his disciples, such as 
Romanes, show little hesitation in anthropo-morphologiring the entire 
sitiiation. It is, however, not neceesaiy for the working out of tiie 
theory that this complieatitm be intitiduoed into it, for if the female 
u more likely to mate with a more brilliantly colored than a less 
brilliantiy colored male, the theory may be made to apply r^ardless 
of whether she is "conscious" or not of the difference to which she 
responds. 

But there are weij^ty ai^^uments against such an interpratation (rf 
the behavior o( the male and female durii^ courtship. In the first 
place, there is almost no direct evidence to show that the female mates 
with the more omamental male. As this is the all-essential require- 
ment of the theory, the almost complete absence of facts in its support 
leaves the theory reetii^ on a theoretical assumption. It can scarcdy 
pass unnoticed that while there exists a large mass of data describii^ 
the secondary sexual characters, there is practically nothing in this 
accimiulation to show that the female makes her selection on differ- 
ences in coI<a^tion to- tmuunentation. And on the other band, there is 
some evidence showing tiiat the female is ready to succumb to the 
aggresEdvenesB of the male rather than that she "chooses" him. 

Ihe behavior of the male under sexual excitement is often described 
to be of a kind to exhibit before the female his peculiar adornments. 
That the "purpose" of his exhibition is to show himself off before the 
female may be conceded, with reservations as to what is meant here 
by "purpose." That the male is conscious of the probable results of his 
conduct is scarcdy probable the first time he courted; but that he may 
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have found out the most probable reenilt after the first attempt throu^ 
"asBodative mBcoary" m in accwd with what the study (A "animal 
bohavkr" has shown to be poisible. In this sense purpose would mean 
a line of CMiduct that experience had shown to Iwd to a certain end. 
Anticipation or far-si^tednees would henceforth characterise such a 
reacti(m. Here, however, we venture on vray dubious grounds. But 
the disj^y <rf the male may be purposeful in a much simpler sense. 
His activity may be an intxnii reflex to visual or other eesiBary stimuli 
that is a part of his attack on the female, or possibly a series of reflexes 
that we may register under the old unanalysed terms of "deore and 
fear." The action calls forth a reeponnve reflex in the female, iot 
the sexu^ act is not entirely active on one side, pasmve on tiie othw, 
but consists of a series of interreactions on the part of each sex, idiioh, 
if th^ inirsue a {pven coune, leads to the final mating. The mutual 
responses appear to follow an automatic couiw in many cases if tlie 
individuals are sexually ready to mate and the enviromnraiit is pro- 
pitious. Types of bdiavior of this kind must be fanttilifLf to anyone 
who has observed domesticated and semi-domesticated animals. The 
purpose of Uie di^lay may mean no more than a reaction that leads 
to a result propitious to the perpetuation of the species if tiie situation 
is ripe for such an outccsne. 

This conchudon still leaves ajpea tike questicn as to whetho* the 
display is more likely to be succeerful, if certun special charactws 
possessed by the species are exhibited. In the absence of any sufficient 
evidence to show that this is so, and in ihe light of the very great danger 
of projecting "our human standards" into tiie world of otlur animals, 
and in view of the fact that related species without such marks are as 
successful in imAintAJning themselves, I can not but thinlr that at 
present we have a good deal to lose in the way of scientific procedure 
and notiiing to gain of scientific value in accepting Darwin's inter- 
pretation of sexual sdection based on the display of the male as fur- 
nishing an opportunity to the female to make the "best" sdection 
amongst her suites on the basis of his adornment. 

An excellent opportunity to study the problem as to "choosing" 
by the female is furnished by the mutant races of Droaophiia, some 
c^ which, differing in a single mutant gene, have wings as different in 
coltnution as black, yellow, or gray, and ^es as differentiy colored as 
white, vermihon, or red. Sturtevant put a yellow female with a gray 
(wild-type) male and a yellow male. The male that first mated was 
noted and the trio discarded. The female "chose" the gray males 25 
times and the yellow only 8 times. In the control combination, where a 
gray female "chose" between the same two kinds of males, she took 
the gray male 60 times and tiie j^ow male 12 times. In both cases it 
"appears" that tiie female "prefers" tiie gray male, but tiiis deduction 
may fpve an entirely wrong impreem<m as to what is taking place, for 
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ttie result would be the suae in kind if Uie gray male wen mwe active 
and mated quicks. This was tested by putting a gray and a yellow 
fonale with a gray male and then for contf <d a gray and a ydlow feouUa 
with a yellow male. The result was as fcdlows: 



Yellow c?{- 



Here the gray male mated sl^tly oftener with the yellow femide 
than with the other, whereas the yellow male mated much oftener mth 
Hhe yellow female than with the gray one. Both results are explicable 
on ^e view that the yellow female, beii^ less active, is more easily 
captured by the yellow male than is the gray female. This view fits 
in also with the former experiment, where the yellow male is much less 
successful than the more active gray nu^e. Such a conclusion gives a 
more consistent explanation of all the facts tlum does the theory of 
female choice, for on the latter we must suppose that the yellow 
females prefer the gray males and the yellow male prefers the yellow 
finales, etc. 

The following results were obtained by Sturtevant when red and 
niate eyed flies were competing: 



/itod « 64 

\White 9 82 



''iWhil 



iWbito 9 93 



Wbita9 S 



The outcome can be interpreted in the same way as the yellow-gray 
competition. The red male wins by virtue of his greater activity, while 
the white female is chosen more often, especially by the white male, 
because of her passivity (or weaker resistance) . It may be claimed that 
these results do not ^ow that the female does not choose, for such 
choice, if made, would be swamped by another condition ctf the experi- 
ment, viz, the greater aggressiveness of one kind of male and greater 
pasuvity of the other kind of female. This, of course, is true, but the 
experiment still shows that in these flies oihsr influences are so much 
greater tiian "choice" by the female, if it exists, that the postulated 
effect of the latter practically disappears from the situation. 

Mayer's experiments wi^ the laige mot^ CaUosamia promethea 
furnish important information as to the factors involved in mating. 
The results are all the more significant from our present point of view 
because the colors of male and female are in tjiis species markedly 
different. The wings of the nude are black, those <^ the female reddish . 
brown; the anteniue of the male are large and bushy, those of the 
female small and slender. Mayer found that the males are attracted 
by the female from some distance when the latter are put into a glass 
jar covered by only coarse mosquito-netting, but if the same jars are 
turned upside down the males are unable to find the female. Females 
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CKHtoeftled in loose cotton &ttractod males. Females were put into a 
box with an cqien cbunney at one end, the other open end bdng covwed 
by moeqnito-netting. A cuiroit of air blewinto the <^>en end and out ci 
the chimney. The make flew to tiie end of the chimn^ from which 
the air came and fluttesed about in the nd^borhood. Males are 
attracted to idaoes i^iere a female has be«i kept even Beveral hours 
after her removal. The male finds the female through the satse-crgana 
in his antennn, f (ff a male ^ose abd<Hnen has be«i cut ofF and the sides 
ctf whose Uiorax are covered with shdlac will still fly to the female, 
but if his antenns be coated with any substance he no longer seeks the 
female. If the eyes of the males are blackened they wiU mate with 
females "in the normal nuuum." 

Mayer cut off the wings of females and ^ned male wii^ in thdr 
places, so that the female looked like a male. Males readily mated 
with tiiese femake. The wings of males were cut off and female wings 
glued in thdr place. Mating occurred "with nonnal frequency, and 
I was unable to detect that the female displayed any unusual aver- 
sion" to such males. Males with female wings pass unnotioed by other 
males. 

In a later paper (1901) Mayer and Soule describe how, whfflk the wings 
of the male were piunted scarlet or green, the males were accepted 
as readily as normals in competition with than. E:q>erimentB wero also 
made by th^n with the gipsy moth. ^^Hngless nudes met with more 
"resistance" from the female than do ii<Minal males, but when the ^'^ 
were covered the win^ess males succeeded as often aa the normal 
males, but the number of obeervatitms on which this statranent is 
were far too few to be of any value, and there are several other obser- 
vati<His that make any such conclusion from the evidence highly 
UQCoiiain. 

That it is the odor of the females that attracts the male can not be 
doubted. It might still be claimed that the female chooses amongst 
her suitors the darkest males, but the evidence gives no grounds for 
inferring such a choice, and since she will even accept males with 
female wings when they attempt to mate with her, it does, not appar 
probable that the color of the male is a factor in the result, or at least 
if it is, then it must be entirely subradinate to the sense of smell in 
finding Gm female and of touch after he anivea. These is little or 
nothing in the behavior of these moths, or in that of the silkworm 
moth, according to Kellogg, to suggest that vision plays any significant 
r61e in courtship. 

Concerning the genetic situation in insects, there are only a few cases 
tiiat have been studied. The most instructive are those in which more 
than a nn^e kind of male exists (two or three), one of which may be 
like the finale, the other quite dUT^^nt. The best worked out cases 
are PapUio memnon and P. polytea. De Mdjere and Punnett have 
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shown from the breeding data th&t it is poeaible to frame an eoq^anatioD 
of Buch A sort that Uie abrarant female differs from tiie female resem- 
bling the male in only a single genetic factor — one not aex-linked 
(t. e., not carried by an X chromosome), but autosomal. The gene 
would be of such a sort that it affects the female only — producing no 
visible effect on tJie male. Such a conclusion, if established, helps, 
tbeOTetically at least, toward simplifying the situation in other species, 
tor it shows that genetic tactotre occur whoee influence is on one sex 
alone; heace the difference betweea the male and one type of female 
does in such cases result from a sin^ gene present in both but causing 
them to bedifferently colored. There would be no need, then, to assume 
that the difference had been slowly built up by selection, but rather 
that the difference arose at some time by a sio^ mutant st^. The 
incorporation of the step in the spedes would then tMow if the effect 
of the gene wero useful in mating or if it had some other primary 
significance for the welfare of the species, the diff «ent effect [noduoed 
<m the male and female bdng only an unimptHtant by-product of its 
scticoi. On the otiier hand, it should be aaphaamed that because a 
sin^ factor difference between the two kinds of females will explain the 
genetic results, it does not necessarily follow that the difference did 
arise as a edi^e mutation. The fOT^cdng argument does no more 
than imply that the difference in question may have arisen in this way, 
and if so, that the mtuation, as it exists, would be the more easily 
oomprebeuded. 

In inaeeta and spiders, wbere dimorphism is as mailed as in Inrds, 
the mating habits have been studied by a number of naturalists. Here 
also there are numerous accounts of the display of the male during 
oourtshq). The account given by Dr. and Mrs. Peckham are particu- 
larly detailed and caU for careful consideration on account of their 
well-recognized accuracy in observational work. Mraeover, as a 
result of thiur observations, along with those of Montgomery, Petrunke- 
witsch, and othera, we have really fuller inffuination ocmceming the 
courtship of spiders than of birds and of mammals. 

In the great majority of species wheie the sexee are different the male 
Is more Iwightiy colOTed or more (vnamental. For example, in a group 
such as the Attidn of France, where both sexes are known, the Peck- 
hams state that in 26 cases the male is more con^icuous than the 
female; in 55 casee the sexes are alike, or if they diff» the male is more 
conspicuous. It appears that in other genera there are cases where the 
fem^ is mixe c(Hiq>icuous than the male. The Peckhams state that 
possibly as many as 250 species are in this condition. Those females 
with bri^ttf otdors than the males are usually well armed by stit>ng 
epaaiA. When very young they are like the males and be^ to assume 
ttte adiilt f <»in and odor when they are a quarter to a third grown. 
Whethw the change d^)ends tm changes in the ovary is not known. 
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Tike mating behavior oi SaUia puiex,& speciee in which the males 
and fesnalee are much alike, is described by the Peckhams as follows: 

"On May 24tli we found a mature female and placed her in one of tiie larger 
boxes, and the next day we put a male in with her. He saw her as she stood 
perfectly still, twelve inches away; ihe ^anoe seemed to exute him and be at 
onoe moved toward ber; when some four inches from her he stood still and 
then began the most remarkable performances that an amorous mate could 
dffer to an admiring female. She eyed him eageriy, changing ber position 
from time to time so that be mi^t be ahraya in view. He, raising his wb(de 
body OD one side by strai^tening out the tegs, and lowering it on the other by 
f<4ding the first two pairs <rf legs up and under, leaned so far over as to be in 
danger of losing his balanoe, which he only maintained by sidling n^idly 
tomrd the lowered side. The palpus, too, on this side was turned back to 
eoneepond to the direction of the legs nearest it. (Fig. 13.) He moved in a 
semh^nrcle for about two inches and then instant^ reversed the pomtion of the 
legs snd circled in the opposite directiim, gradually a{^)roaohin^ nearer and 
neanr to the female. Now she dashes tomrd him, while he, raising his first 
pair of legs, extends them upward and forward as if to biM her ctf, but withal 
sloiriy retreats. Again and a^ain be circles fnun tdde to aide, she gasing 
toward him m a softer mood, evidently admiring the grace at his antics. This 
is repeated until we have counted 111 cirdes made ^ tin ardent litUe male. 
Now he approadies nearer and nearer and iriien almost within reach iriiirls 
madly aroimd and armmd ber, she joning and whirling with him in a giddy 
mass. Agun he falls back and resumes his semi-circular motions, with his 
body tilted over; she, all excitement, lowers her head and raises b^ body so 
that it is almost vertical; both draw nearer; she moves sloiriy under him, he 
crawling over her head, wul the mating is accomplished. 

"After they have paired onoe, the preliminary courtship is not so IcHig. 
When this same pair mated a second tinoe, there was no whuiing movement, 
nor did the fem^ lift her body, as at first." (pp. 37-38).' 

Hie court«hip of another species, Dmdtyphante$ a^ritatui, in which 
Uie sezoB are oitirely different, is described as follows: 

" The males of et^pitatus are very quarrelsome, ^mrring whenever they meet, 
chasing each other about, and scHuetimes clinching. It is a very abundant 
spider with us, so that we often put ei^t or ten males into a box to see them 
fight. It seeined cruri wpott at first, but it was soon apparent that the? were 
very prudent little fellows, and were fully conscious that ' he who fights and 
runs away will hve to fight another day.' In fact, after two weeks of hard 
fight-ing we were unable to discover one wounded warrior. When the males 
are approaching each other, they hold the first l^gs up in a vertical direction. 
Sometimes they drop the bod^ on to one side as they jump about each other. 
Hmsb moveanent are very quick, and they are always reaidy for a passage at 
Sims. When courting the females tttey have another movement. They 
jm)roachber n^dly until within two to five inches, when they stop and extend 
the first legs directly forward, close to the ground, the k^ being slighUy 
currod with thb tips turned up. (Fig. 18). WheUier it be intentioiul or not, 
this position serves admirably to expose the whole <A the bronse and y^ta 
face to the attentive female, who watches him closely from a little distance. 
(Fig. 19.) The males also pive their palpi a circular movement, much as a 
peiscMi does when washing his hands. As he grows more excited, he lies down 



.yCoOt^lc 



56 THE GENETIC AND THE OFERATIVi: ETIDENCB 

on oae aide with his I^s still extended. These antics am tepeated tat a very 
kng time, often for hours, i^ten at last the female, either mm by his beauty or 
worn out by his peisisteuce, accepts his addresses." (Pp. 45, 46.) 

Id another q)ecies, Dendryphantes ekgant, both sexM are l»illiaii^ 
colored. 

"The male is eorered with iridescent scales, hie general color being greoi; 
in the female the coloring is dark, but iridescent, and in certain lights hu wvely 
rosy tints. In the sunlight both shine with the metallic splendor oi humming 
iHrds. The male alone has a supercitiary fringe oi hairs on dther aide d his 
head, bis first legs being also longer and miwe adorned than those of bis mate. 
The female is much ]a^s^, and her loveliness is accompanied by an extreme 
irritabihty of temper which the male seems to regard as a constant menace to 
his safety, but his eagerness being great, and his manners devoted and tenda, 
he gradiuJly overeomea her opposition. Her change of mood is only brou^t 
about aita much patient ooiuting on his part. While from time to five 
inches distant frwn her be bepns to wave his plumy first lega in a way that 
mninda one of a wind^nill. She eyes him fiercely and he Iraepe at a pnwer 
distance fat a l<n^ time. If he canes dose she dwhes at him and he quiudy 
retreats. Sometimes be becnnes bolder and when within an inch, pauses, 
with the first legs outstretched before him, not raised as is common in other 
wpeaea; the pa^ also are held stiffly out in front witii tiw points togetiier. 
Again she dnves him off, and so the plv otHktinues. Now the male ptnre 
excited as he ^^woacbes her, and while still several inches away whirls com- 
pletely around and around; pausing, he runs closer and begins to make his 
abdomen quiver as he stands <m tip-toe in front of her. Prancing from side to 
side, he grows bolder and bolder, while abe aeons leas fierce, and yielding to the 
eouitement lifte up ber mi^nificentiy iridescent abdomen, holding it at one 
time vertical^ and at another sideways to him. She no longer rui£es at him, 
but retreata a little as be mproacbes. At last he comes close to her, lying flat, 
with bis first legs stretched out and quivering. Witb the tips of his front lega 
he gentJy pats her; this seems to arouse the old demon <A mistanoe, and slw 
drives bun back. Again and again be pats ber with a earening movement, 
gradually creeping nearer and nearer, which she now permits without reaia- 
tance until he erairis over her bead to lier abdomen, far enough to reach the 
qngynum with his palpus". (Pp. 46-47.) 

If we lay no enqihaflis on the implied emotional ekmentB in the 
befaaTioT of the qnders in this description — ^temos of emoticm bcnrrowed 
direct from human peycholt^Qr — there still remain the several types 
of apparently edgnificant reactions associated with courtship. The 
Btatemente leave no rocan for doubt that vision plays an importfuit 
rtle in the oomi^ex reflezea tiiat lead gradually to sucooMful mating. 
The Peckhams inmst that the display of the male is always M a kind 
to bring before the female Uta special adommentB of the niale in what- 
ever part of the body they may lie. The chance of subjective inter- 
pretation here is so great that unless the results are carefully checked 
up by studies of the attitudes assumed by males in qjecies in which 
the males are without ornament, their interpretation must be taken 
with the greatest reserve. Assigning, as our authors do, so much by 
gratuitouB implication to the emotional side of the pictiu« ivejudices 
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one, perfaape too g^eeMy, ftgainst Accepting a special (even an implied 
intentional) exhibition of the specially ornamented parts. On the 
oibxx hand, if it be conceded that the conspicuotisness of the male is 
an doDent in the reaction, the very special adcoimiente visible from 
the front might be supposed to enhance the effect produced in the 
finale, ^milar displays of special ornamentation in the m^e have 
been described both for birds and insects, but here, too, the question 
has been raised as to whether such extkibitions are more than an 
acddenbd accompaniment of the posturing of the male, for the same 
kind of behavior is known to occur in other caaee where the male is 
miomamented and ree^nblee the female. Had such a male special 
ornamentation it would no doubt appear to us that his behavior was 
"calculated" to di^lay his ornaments. 

Dr. and Mrs. Peekham point out that their obeei-vati(»iB are entirely 
inctmristent with Wallace's inteapretation of the mi^ of secondary 
sexual characters. Hey find no evidence in favor of his view that the 
male poesesaes greater "vital activity." On the contrary, the female 
is the more active and pugnacious of the two. They also object to 
Wallace's statement of a total absmce of any evidence that tiie female 
notices the display of the mate. In spiders the females "observe" the 
males with cloee attention during their courtship. They point out also 
that, in spiders at least, as the female gradually becomes adult, a male 
if preferred will have a chance tA nutting with several femalee,"and 
AS the matin g season lasta for two at three weeks the more brilliant 
males may eanly be selected again and again." In r^ard to Wallace's 
argument as to the distribution of accessory plimies in humming birds, 
tiie Peckhams pdnt out that — 

"The pectoral muscles reach their hi|^iest development in the hununing- 
birda, the diunial birds of prey, and the swallows, and we may, therefore, 
f siriy use these groups to test Mr. Wftllace's explanation of breast plumes. In 
the swallowB and birds of prey we find do such ^ipeodagea, in spite of their 
further clum to than, on the ground fA great vigor and activity. As to the 
hiunnung>birdB, we find in the genus AgtaaetU six species with more or less 
developed breast-plumes, which are also found in nine other species, scattered 
Uut)u^ different genera — in all, only fifteen specifls out of four hundred and 
twenty-flix; while we find in fifty'-eix speciee tlu lengthened and modified tul- 
feathuB, which, according to Mr. Wallace's view, should be peculiar to the 



"Again, titere are elongated feathers from the throat or from the side of the 
neck m thirty-five tpeeies, while seventeen have crests fnan the top of the 
head, and seventeen, downy puffii fran ^ tarsi." ■ 

TToja. this brief survey of the family we see that, contrary to wiiAt 
we should expect from Mr. Wallace's tiieory, although the breast 
muscles are the seat of the highest activity, brourt; plumes are the leAst 
frequent of all the forms of ornamental plimiage. 
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"We may fairiy uy, then, that the humtning-binfa con^iletely refute the 
proposition that there is any relation between Uie development of color and 
accessory plumes and 'surfaces where muscular and nervous development is 
considerable.' '" 

Wha,t is true for birds is evoD more obvious tar spiders whare the 
special onuunents are not confined to parts of the body vith hig^ 
muscular development, etc. The writos make the very pertinent 
criticism that while Wallace objects to Awiiiming the ranotional states 
in females, he is less careful in r^puxl to the males' emotions when he 
speaks of the display " under the influence of jealousy or sexual excite- 
ment The males, in their rivalry with each other, would see 

what plumes were mott effective; and each would endeavor to excel kia 
enemy as for as voluntary exertion would enable him."* 

" If Ute make have so oomidex an ranotion as jealouqr, and further, if the^ 
an oonseious of the value (rf tite plumes, may it not be asked why the female is 
unable to 'see what plumes are most effective?' The mental state in tiw male 
is without wwtftning unless we suppose the female to be affected and pleased." 
(Peckham, loc. eU., p. 144.) 

In regard to uiother interpretatitm of the courtship, the Peckhams 
pcont out: 

"Mr. Pocock has suggested that the attitude ai observant interest on Uie 
part of the female sinder might be taken to indicate that she was pteparing to 
spring upon her mate and devour him; or that it might amply mean that she 
was wanly guarding herself from his i^>proach. Neither of these suf^xtsitions 
18 admissiUe. In swne species the nude is not attacked by the female, and 
when she does wish, as frequently happens, either to avoid or to destroy him, 
het attitude is totally different. In Ute former case she turns about and runs 
nqudly away, or suspends herself by a thread (d web. In the second, there is a 
contradioD of all the muscles, the legs are drawn togeUier, and in this crouch- 
ing poution she creeps slowly toward him, as she mi^t if he were a fly, only 
with something more malignant in her aspect. When she takes this stand the 
male incontinently Sees. When, on Uie contrary, the female is interested in 
^ male display, she seems perfectly absorbed in watching him, the muscles 
are all relaxed, unconscious of herself she directs her glance now here, now 
there, as he moves about; as he continues his mad antics, her wpearance gives 
every indication of pleasurable excitement, and as be ctmee closer and closer, 
she yields herself to the impulses which he has awakened in her, and, aa in 
pulez, j<Hus in his danoe and whirls around and around as though intoxicated, 
we claim, then, to have completely answered Mr. Wallace's first objection," 
(Peekham, loc. cU., pp. 145, 146.) 

Finally, in r^;ard to the specific character of the display of the 
males, the Peckhams make the following significant statement : 

' Among Um moat reourkaUe ot Hat wonderful family are Um nine wpudtt of ooqiwHaa iliotpll' 
«niu). whkh hare doniatcd laaUters, with mMallio Uim, ■prioging [imn the adaa dI tba neok; 
•ome have alM beautiful treiU. (G«orte W. and EUubeth Q. Peekham., Additiooal Obeetra- 
ttone on Sexual Sckotion in Spiders at the Famll; AttUs., Nat. BImL Soc. of WlaeondD, 18S9, 
vol. I, pp. 141, 143.) 

■Tropioal Nature, p. 310. The ll«diM an ooi*. 
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"The q[>iider has four pain erf lega, and all ore equally available for di^Uy 
or looomotion, and since all the movements are Blow and on the ground they 
are entirely open to observation and study, and we are thus in a pomtion to 
decide by facts whether Uteir activity is simply an outlet tor superBuous 
ene^y, and therefore meanin^en, m irtietber there is a puipoee in it. If the 
purpose of the antics is only to let off energy, then we should expect one pair 
to be dourished around quite as often as another, and that the pair flourisbed 
sboold as frequently be me that was not omamented as one that was; and, 
moreover, tbeir movements ou^t not to be of such a nature as to din^y tiie 
eolor or wnament more frequently than the law ci chance would expbin. If 
the Binder ahnoet ahrays moves tbe ornamented legs, and in such a way, too, 
as to bring out tbor beauty, it would seem to us, to my the least, highly 
inqtrobable that the dance of the qnder was merely a meanlnj^ess ov«4ow « 
surplus owrgy. Such an exfiaoMiioa leaves much that needs eiplauation. 
The facts are, that the beet foot is put forward; and this is just what Darwin's 
theory requires and e^^ains. Under Mr. Wallace's view the facte are inex- 
plicable, lite better to show tiutt these mevemente are not sinqdy meaning- 
Um outlets of high vigor, we illustoate tiie several poations hy figures takui 
from nature (fin. 7-1$. The figures would seem to prove that the legs that 
are omameotM or contrasted in color are also the 1^ that are usually flour- 
ished; that where ntme of the l^s have epedal ornament, then all are used; or, 
as sometimes happens, when an unwnamented leg is used the movements are 
of such a character as to display some (Hnament that would otherwise have 
been more or less bidden from iJae female." (Peokbam, loc eiL, p. 147.) 

In the taraatula, Petrunkewitech finds that sight plays no r6Ie in 
mating — tiiat it is due entirely to accidental contact between the male 
and female. Here the sexes aie closely alike, except iar a pair of hooka 
on the front legs of Uie male, by means of which he grasps tiie mandibles 
of the female, holding them during the dalxffate process of trans- 
ference to her genital opening the sperm that he has already collected 
in the goiital epotm on his palpi. The hooks serve to guard the 
male against injury or death, while at the same time they aid him in 
the act of coitus. 

In a common spider, Mania nUaia, two kinds of males exist. Botii 
have beoD seen to mate with the same female. No preference is fpven 
to eatlier type. The difference between them, according to Painter, 
is connected with or caused by an additional pair of chromosomes in 
the gray male. The two types may therefcsre have no connection with 
sexual selection, but be directly due to a difference in the chromosome 
group. 

Montgomery, who made observations on the courting habits of 
several species of spiders, states that his "general theoretietd con- 
clusions were quite different from those of the Peckhams." It turns 
out, however, that his objection to thdr view is based entirely on their 
assumption that ih» male is conscious of his display and ttiat the 
female is guided by an esthetic sense in selecting the more beautiful 
male. It should be pranted out that even after the ronoval of these 
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gratuitoua assumptions as to the cause of the evolution ot the male 
and female, enouj^ still ranaios in Montgomery's own observatioiia 
to include his results on courtship under Darwin's theory (^ sexual 
selection. For esample, Montgomeiy says : 

"The adult male is excited camultaneously by feu of and deaire for the 
female, and his courtahip motioiia are for the most part exaggeratioDS of ordi- 
naiy motiooB of fear and timidity. By aicti motions be advertises himself to 
the female as a male, but there is no proof that he conscioualy soda to arouse 
ber eagemesB by esthetic display — ^there seems to be no good reason to bold 
that tbe female u actuated in her choice by sensations of beauty. .... 
Thus my opinion was opposed to Darrin'a theory." 

Now, it is obvious that if a more bristly colored male has a better 
chance of "advealising himself" to the female all the essential require* 
ments of Darwin's the<H7 are fulfilled, regardless df wheth« the male 
is conscious of hutnuamentation or the female makes use df an "esthe- 
tic sense." In another passage (p. 173) Montgomery concedes all 
that any modem critical advocate of Danrin's theory is likely to ask: 

"We have previously seen that conscious aesthetic choice by the female 
probably does not account for such mi^ characters [secondary sexual charac- 
ters witii {bar 'conqHcuous color markinBi'l; that they are accordingly, 
probably not due to sexual sdectitm. Tbeae characters <rf the males may be 
most readily explained as being conceived by ample natural selection. Pecu- 
liar omamentatitm would be selected because unusually greater sex reoc^Eoi- 
tion therefore prconpted mating." 

It isevident that Maitgconeryhas only shifted the dtuation,^thou^ 
to advantage, I think, but is essentially in accord with Darwin's theory 
of sexual selection, despite his protest to the contrary. The difference 
lies in Darwin's and espedally in the Peckhams' use of the term 
"choice," "aesthetic sense," etc., to stand for the fact that the female 
more promptly mates (as Montgomery prefers to put it) with a male 
peculiarly ornamental. 

The most critical observations on sexual sdectitm that have bem 
made in the group of insects are those by Sturtevant on the pomace 
fly. The courtship is described as follows: 

"The firet and most noticeable act in courtship occurs when the male, being 
near the fanole, extends one wing at about nght an^es to his body, and 
vibrates it fw a few seconds. The wing is then returned to the normal position 
and the process is repeated, usually with the other wing. But between times 
there is a scissors-like movemrat « the wings repeated several times. This 
vibrating of the wings is often repeated many times, and may be done in any 
positicai relative to the female, though the male olwaya faces her. Usually, 
m fact, he swings quickly around ber in a semidrcle once, or oftener, durii^ 
the process. Soon the nuile heffna to protrude his genitalia and, if the female 
remains quiet, to lick her post^ior end. Some white matter now protmdes 
bi3m ber ovipositw, and other males in the same vial are usually observed to 
beccnne excited now and b^in courting, indicating odor as a cause of sexual 
excitement. If the fonale runs or flies away the male is excited, moves his 
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vingB jerldly, and walks around n^M^, but Beems um^le to follow tbe fonale 
accurately or to locate her quickly. The penis is directed forward by bending 
up the abd<Hnen underneath, towards the thorax, and is jericed toward ttw 
female {the niale always standing facing her at this stage), but not alwa^ 
toward her genitalia, as I hav« seen it strike her in tiw eye. (The male in 
this ease, bowerer, had white eyes, and so was peib^M blind. Normally Ute 
aim is accurate.) If it does strike the mark Qte male mounts on the female's 
back, between her wines. Mounting never takes place until after the actual 
eopulation has occurred, in irtiich r«^>ect DroiofAua differs from some related 
fiies (0. g., Musdds, Anthonyids, SepaidA, Botbondm, and E^hydridn, so far 
as my obeenraticms go). In these fonns the male flies uid lighta on tbe female, 
after wbidi ocqnilatiui may «* may not take place, probab^r depending upon 
the way the female re^xtnds." ' 

To t«it whether the wings have any ngnifieanoe in courtahip, the 
wings (rf a male were dipped off and he was put into oompetition with 
a narmal male of the same stock, age, and siie. A vi^jn female 
■emally mature was giveo to these two males. The normal male 
mated 72 times be<on the other, the olqiped male 63 times. It might 
appeu- that the female selected the ncomal male in preference to tbe 
cl^)ped WW, or possibly that the male with nonnal wings drove the 
other male away. That the (^leration on the wings may have an 
infiuenee on the male himself is shown in McEwen's results. He found 
that dipped males lost tbdr hetiotropism. It was also poenble that 
the courtship of the normal male might make the female ready to 
copulate and then she would mate with dihex male. Sturtevant 
tested the last suiq>odtioD by placing aingle pairs in vials, testing each 
day an equal number of normal and clipped males. The length of 
time before eopulation was noted. The clipped male began to court 
as soon as the normal, but a larger number of n(»mal m^es mated in 
the first 12 minutes than dipped males (59 to 25). Had the females 
discriminated against the dipped males to an equal extent we would 
have expected a much greater excess than 72 to 63 ^en thery were in 
competition. It appears, then, that the wings are useful in shortaiing 
the time between the meeting of the individuals and copulation. The 
display acts, however, almost as favorably f*^ the otha* nuie as for 
the exhibitor himsdf. The results show, therefcve, that here an eetheUc 
sense <^ the female need not be postulated, for she actually shows Uttle 
preference idien she has been brou^t to the pcHnt of mating between 
the male that aroused her and the other male that did not. This 
critical test puts the problem in a different rdation from that which 
Darwin's theory of female choice was meant to throw light upon. 

Tbe reverse experiment — a clipped and a normal fem^e of the same 
age, size, etc. — showed that the male did not discriminate between 
them, for in 52 first trials the normal female was paired with 25 times, 
the clipped 27 times. 
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PART III. 

THE GENETIC AND THE OPERATIVE EVIDENCE. 

The genetic and operative evidence ahows that there has beoi 
included under the graieral term "eeccHMlary sexual charactos" a 
complex of cases that are the outcome of diverse physiolc^cal processes. 
Sex-linked and sex-limited charactos have oftok been confused; some 
characters depend on the gonad; some of these involve tJie ovary, 
others the testes. Still other charactca^ fall under none of these groups, 
but are the direct product of the male (h* female genetic constitution. 
It is not surprising, therefore, that theories proposed on the inframa- 
tion derived from certain of these data are c<mtroverted by inf onnatioD 
derived from other data. The theory of sexual selection, in its attenQ>t 
to bring all the facts under one point of view, has not escaped these 
difficulties, even ^though it may be said that neith^ natural selection 
nor sexual selection is conoemed with the origin ox evtsi the kind oi 
variations with which it works. NeverthelesB, the latter theory, by 
ignoring the origin or the physiolc^cal process concerned in the 
production of secondary sexual characters, may make assumptiouB 
that are difficult to harmonise with the facts in Uke case, and we shall 
find sereral instances of this sort. For example, if the hen had selected 
the cock for his fine plumage (which, as we have seen, depends in part 
on autosomal genes producing their effect without the cooperation of 
tiie testes), she would be expected to endow herself with the same 
adornments (if her selection worked), unless her ovary were already 
producing some substance iniTni<^l to tiioee that she is "calling forth" 
by selection of the male. The problem is evidentiy, then, mare com- 
plex than appears on the surface, and is not so ample as it seemed 
when these essential facts were imknown or ignored. 

In the case of other theories, such as those of Wallace and of Cun- 
ningham (that appeal more directly to the causes that are producii^ 
the variation out of which the secondary sexual characters are built 
up), the absence of information, phydolt^cal or genetic, has only too 
often given these writers the opportunity to speculate without the re- 
straints which a more recent knowledge of the facts has imposed on us. 

It is obvious from what we have learned that we shall have to proceed 
with more caution in disentangling the evidence before we can hope to 
"explain" it. Despite the meagemess of our present information, 
enough has beoi found out to indicate that we must be content for 
a while with tentative and partial explanations even in the best- 
known cases, and we must, I think, be prepared to admit that no one 
theory may be able to account for all of tiie secondary sexual differences 
that exist between the sexes. 

The genetic evidence shows, in the case of cock-feathering versus 
hen-feathering in birds, that only cnoe or two Mendelian factor differ^ 
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encee are inTdved. Hie result may seem to mean that the secondaiy 
sexual <^uiTQd£TA thMnselvee have been acquired historically by a single 
eT<^tionar7 step, and that in consequence the opportunity for selec- 
tion to have accfHnplished such a result has been enormously facihtated. 
Such an arpun^it rests, howevea-, as we know to-day, on a false intw- 
pretation of Mendelian heredity. What the evidence really shows is 
that one or two genes if present cause the testes to produce s<»ne 
substance that prevents the cock-feathmng frtnn developing. The 
genetic eomi4ex may require a hundred or a thousand or more spedal 
^tctors that are directly and indirectly conoeroed with the developmoit 
cS. the cock-feathering, but one or two other factors may suffice to block 
this machinery; or, to change the metaphw, these dominant factors 
may be no more than so much sand poured into the dock. The clock 
may have been slowly built up histOTically by many contribut<n7 
" fstctors," but a little sand may spoil its activity. SimUariy in the hen 
something produced by the ovaiy prevents the fullest posuble genetic 
action from taking place. Here at present we do not know whether a 
single factor or a hxmdred "special" factors are necessary to produce 
Buch an inhibition, but if, as one would like to suppose, it is the same ox 
portly the same gmes involved in the ovaiy, and in the testes of hen- 
feathered males, then a relatively few, one or two, factors will suffice 
to bar cock-feathering fnmi the female. 

In a case like the clover butterfly, where the genetic relations woric 
out on the thecHy of one pair of factors that produce two types of 
females and one type of male, it seems more reasonable to infer that 
such a difference has not been slowly acquired by many smaller muta- 
tional changes, because the two types are not adapted to live under 
two different environments for which their differences fit them respec- 
tively, but to live in the same environment. It has never been claimed, 
so far as I know, that these two types of females have arisen througji 
some males preferring one, some another kind of femaJe, so that even 
although it may seem probable that the genetic situation is simple, 
the simplicity can not be turned to the advantage of the theory c^ 
sexual selection. It is unnecessary to discuss further the origin of the 
factor or factors suppressing the development of one type in the male 
or the probability of the multiplicity of such factora. In the case of 
such species as PapHio memium and P. polytes, with three types of 
females, the situation is the same as above, with the addition of the 
theory of mimicry, that "explains" some advantage accruing to each 
^pe of female. Since the latter is only a form of natural selection, 
we are not fiuther concerned with the change here. Punnett's excellent 
treatment of the problems involved in his recent book on mimicry 
brings the subject down to date. 

Meager as is the genetic and suigieal evidence at present, it is enough 
to show that only by furthOT work along these lines can we hope to lay 
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a firm foundation tor a scientific study of the subject. It is equally 
important that critical evidence be obtained in r^ard to the effect on 
the female of males of different types in competition. The instinctive 
reactions of animals in these respects, their first reaction, the asso- 
ciations that may or may not result, are practically an open field for 
investigation, 'the entire equipment oi human psychc^ogy of the in- 
trospective school, tiiat has been appealed to for help in a situation 
itoelf little imderstood, reads often more like fiction than like science. 

So far as one branch of the subject goes — the possible interpretation 
of ornamentation in the male — there seem to be two ways at least in 
which the subject calls for immediate investigation; first, if it can be 
shown that, other things being equal, a more adorned male rouses the 
female to prompter mating, it may be inferred with etxae probability 
tiiat in the long nm such conduct would lead to the establishment ^ 
the more effective individual, but this would not be true unless the 
males mate, as a rule, more than once, for any advantage that might 
accrue to a more ornamented male would not affect the course of evolu- 
tion of the species if every oth» male found a mate too. Second, if it 
could be shown that the special ornamentation of the male is only one 
of several effects of a gene whose main effect is in some other directicm, 
then the advantage gained through natural selection in this other 
direction would carry in its wake the advance in ornamentation, and if 
the change affects cme aex more than the other, owing to the diff^«nce 
in the genetic complex of the two sexes, it would be called a seccmdary 
sexual character. 

A. EvmvHcm raou Mammals. 

Owing to tiie differences in the secondary sexual characters of dif- 
ferent breeds of dieep, we have more genetic information about such 
charactras in this group than in other groups of mftTninftla . F<x- 
tunately, also, in some of the breeds both castration and ovariotomy 
have been performed, and consequencely we are in position to utilise 
both sources of information for interpreting the utuation. In certain 
breeds both males and females have horns (Dorsets), in which case the 
horns of the male are larger than those of the female. In other breeds 
neither males nor females have horns (Suffolks). In still other breeds 
the males have horns and the franales are hornless (Merinos and Herd- 
wicks). The clearest evidence that we have, both genetic and opera- 
tive, is that obtained by Woods, as reported by Bateson, in which 
homed (Dorsete) and hornless (Suffolks) breeds woe crossed. In the 
Dorsets, where both sexes have horns, those of the male are largo* than 
those in the female. When the young male is castrated the horns 
develop, but only as &r as in the female. It appears, therefcse, that 
the preerace of the testw, probably through some secretion &om it, 
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oontributee to the devdopment of the horns. The oth» lace, the 
Suffolkfl, have no htnua in either sex. Castration produces no change 
in their hranlees condition. 

When a Dofset ram is crossed to a Siiffolk ewe the sons have horns, 
the daughters lack them. The reciprocal cross gives the same results. 
The factor en- factors involved are therefore not sex-linked. When 
the Fi'b from the cross or from its reciprocal are inbred, four classes 
td oSspnng are produced, namely: Homed male, 3; hornless male, 1; 
hraned female, 1 ; hornless female, 3. The ratios, as above, are approxi- 
mately 3:1:1:3. 

A single Mendelian explanation covers the results. If we assume 
that the Dorsets, both male and fem^e, are homozygous in a factor 
for horns, H, that is not in the sex chromosome, and that the Suffolks 
"lack this factOT," t. e., that they have an allelemorphic factor for 
homlesmess, the germ-cells are H-H and h-h, respectively. Only 
one kind of individual, EQi, results in Fi. Since the male with this 
formula develops horns, we must conclude that the presence of the 
testis (through its secretions) causes horns to develc^, while in the 
fem^ of this same composition horns are not produced because of the 
absence of the testes, llie sex-cells in these Fi individuals are H-fa 
and H-4i. Chance meeting of these gametes will give 3 classes of 
individuals, irrespective of sex, namely, (1) HH, (2) Hh, (1) bh. Tho 
expectation for the males is tlut those of the composition (1) HH and 
(2) Hh will develop horns, while those of the composition hh will not 
develop horns. There should be 3 homed to 1 hornless male. In the 
females we expect those with the composition (1) HH to devdop 
horns, once they have the same formula as the pure I><n«et ; those with 
the formula Hh are not expected to develop horns, because the Fi females 
of this C(Hnpoeition do not have horns; those with the formula hh are 
not expected to develop horns, because they have the same composition 
as have the pure Suffolk. There should be 3 hornless to 1 homed 
female. Combining both sexes, the expectation f ot Fi is 4 homed to 
4 hornless. Arranged according to aex, these give the classes realized: 
Homed male, 3 ; homlees male, 1 ; hcvned franale, 1 ; hornless female, 3. 
That this is the correct explanation is borne out by back-crossing the 
hornless Fi female to a hornless Suffolk ram. Ihe former has two 
kinds of gametes, H and h, the latter only gametes that bear the h 
factor. Half the sons should be homed, half hornless, because half of 
them are Hh and half hh. But none of the daughters should have 
horns, because neither the Hh nor the hh finales produce horns. This 
is the result realised, viz, 3 hornless offspring to 1 homed. 

The precedii^ account of the inheritance of the factor for horns is 
based on the combinati<m of Dorsete and Suffolks used by Wood. 
That other conditions may exist in other breeds and even in races of 
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the same breed is cliumed by Arkell as a reeult of a large number of 
CToeses that he has carried out. He states, for instanoe, that in the 
great Merino cl^s, with its various sub-breeds, there are flocks in 
which the males only are homed, but even here there may be individual 
males that are hornless "and at times the females may also show s^nne 
signs of horn growth." In America, Arkell states, there are three 
types of Merinos — ^the American, the Delaine, and the Rambouillet. 
He quotes Plumb (l^^pes and Breeds of Farm Animals, Boston, 1906) 
as stating that "the American Merino ram carries heavy, spirally 
twisted horns, but the ewes are hornless; .... that the rams of the 
National Standard or Victor-Beald Delaines may or may not have 
horns; that the Dickinson Delaines may have small horns, but a polled 
head is preferred," etc. These conditions su^;est that tiiere may be 
more than a sin^e fact<»' for horns in sheep or that there may be 
modifying factors in certain breeds. In fact, Arkell and Davenport 
attempt to cover the results of Arkell's experiments by assuming that 
there is an inhibiting factor for home that is carried by the sex chromo- 
some. Such an inhibitor (I) would be double in the XX female and 
single in the X male. It is asstmied to be incapable of preventing the 
development of horns in the heterozygous Hh male, the inhibitor being 
there simplex (i.e., onel), while the doubleinhibitor is capableof prevent- 
ing the horns in the heterozygous (Hh) condition, but not of preventing 
the development of horns when the homozygous (HH) condition 
occurs. There are several objections to this scheme : first, that there is 
no evidence that a Bex-linked inhibitor is present that affects the horn- 
less breeds, for the evidence indicates rather that there is no factor for 
horns present in them, at least in the Suffolks; second, the peculiar 
balance between the factors for horns and the inhibitor seems an 
extremely artificial statement. Arkell and Davenport intimate that 
races with homed males and hornless females do not exist in a pure 
state. That breeds impure in these respects may exist need not be 
denied, but that pure races for such a dimorphic condition do exist 
seems probable. Castle states, for instance, that he knows at first 
hand of such races of Merinos. Castle also states that castrated Merino 
rams in this race do not develop horns, and this result is in accordance 
with statements made by Marshall for Herdwicks (a race with homed 
males and hornless females). Under the circiunstances it is certain 
that the presence of the testes is one of the factors in determining 
whether horns develop at all (as in Merinos), or in determining the 
extent to which they develop (as in the Dorsete), rather than that the 
difference between ^e sexes is due only to an inhibiting genetic factor. 
Nevertheless, it may be well to keep open the possibiUty that there may 
be different factors for horns in different races (allelomorphs or others), 
or conversely, that the genetic composition of the races is different, the 
factor for horns remaining the same, but producing a different effect. 
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It may be pointed out in paBsing that if, as Arkell aaaumee, the 
hornleeB raees are due to the presence in them of an inhibitco- for homs, 
the results can be wtvked out without postulating that the inhibitor 
is sex-linked. For eocample, if the hornless male and female be HHII 
and the homed male and female HHii, the Fi homed males and 
hranless females will be HHIi. The germ-cells will be HI and Hi in 
each sex, i^eh, by chance meeting, as shown below, gives the resultt 
obtained by Wood. Thus: 



lHlHI+2, mm+l. HiHi. 

These formula give 3 homed males, 1 hornless male, 1 homed 

female, 3 hornless females. This formulation, while appealing appar- 
ently to a different set of factcn^ from those used by Arkell, is in reality 
the same in principle, since the heterozygous condition is here repre- 
sented by li (instead of Hh) and sex determines that the heterozygous 
male is homed and the female hornless. 

The genetic relations of the Merino with homed nudes and hornless 
females to the Dorsets, in which both sexes are homed (but in the 
male the homs are larger), must be different from the genetic relation 
in the other cross. There are two theoretical poeaibilities, viz, that a 
different factor for homs is present that is either an allelomorph or 
another different factc^; or second, that a modifier is present in the 
Merino that keeps down the development of the homs in the female. 
An answer could be obtained by breeding Merinos to homed and to 
hornless and getting Fj from both crosses. Arkell's data is not sufficient 
to settle the question, because his numbers axe often too small, but 
chiefly because it appears that there were two genetic types present 
in his flock of Merinos, one of which is characterized by scurs (very 
short homs) in the females, the other by homlessness in the female. 
He foimd in a cross between a hornless father and Merino mother 
(that had knobs or scab-like growths) that the daughters had homs 
or sctu*s and carried a determiner for horns (as subsequent generations 
showed). On the other hand, in other cases where the M^no mother 
was without homs, her Fi daughters had no homs. In both cases the 
Fi sons had homs. Arkell cites this cross as "proving" that the knobs 
of Merino ewes depend for their development upon two horn deter- 
miners (HH')- It is not at all evident that the results lead to such 
a conclusion, as other explanations will cover the case as well. 

Arkell's mating between Dorsets and Merinos (tables ix and xvi) 
corroborates bis view "that the knob of the Merino female is repre- 
sented in the germ-plasm by the double determiner." The 5 Fi sons 
had long homs, 3 Fi daughters had homs present, and 2 had them 
absent (table xvi). If some of the Merino mothers used were homo- 
zygous for a factor that inhibits the development of homs in the female 
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we can account for the hornkflB daughtoB, and if other motikers did 
not have this Eacttn* (or were heterozygous for it) we can account fcv 
the h<niied dau^t«rB. Evidently man evidoice ifi needed. Arkell 
himBelf assigns a ctarresponding difference to the mothers in these cases, 
based on the observed fact that the mother that had knobs or scuis 
were the ones that gave birth to the homed daughtos. If the above 
suggestion proves tone, it shows that the Merino condition draninates 
the Dco'set condition. The result is in harmony with the view that 
botii have a common factor for horns, but that in addition the Merinos 
have a non-sex-linked modifiw that holds down the development of Uie 
baroB in the ewe. 

What bearing have these results on the theoiy of sexual selection? 
Clearly the Merino male, as constituted at present, develops horns 
because he is a male, but only in the sense that his testes secrete some 
substance that makes his horns grow. That maleness does not in itself 
necessarily produce horn is shown by the absence of horns in the 
Suffolk breed. Is it the same ffustor, present in the Merino, that 
produces horns in both sates of Dorsets when homozygous and in the 
male only when heterozygouB? If originally the ancestral race had no 
hcons, tlw appearance of factors for horns would, even in a heterozygous 
condition, have sufficed in the males for the development of horns. 
If this gave them any advantage either over the enemies of the race or 
in the eyes of the female, such factors might be prapetuated, and 
through tomsferrence to the females ultimately become homozygous 
in both sexes. Both would then have home, whetlier horns were or 
were not of uiy advantage to the female, which would have them 
because tliey have an advantage to the other sex. 

Because tiie genetic evidence shows that a sii^e factor difference 
between the breeds with and without horns accounts for the homed 
condition in one of them, it by no means follows that horns as they 
exist arose as a single mutant factor change. True, they may have 
arisen as a new single factor difference, but the Mendelian evidence 
can not be claimed as evidence for this view. The a priori ai^ument 
based on the relation of horns in an adaptive sense to the rest of tbe 
body would appear rather to indicate that they could not have arisen 
at a single mutational step. 

Concerning the still broader bearing of this evidence on the thecoy 
of sexual selection, two distinct questions are involved: first, how has 
the present racial difference in horns arisen in domesticated ^eep, and 
secondly, what was the original condition of sheep. Reverrang the 
order of these questions, we find that sheep were domesticated in Asia 
and Europe before the dawn of history. "Whether our well-known 
and iiseful animal is derived from any one of tbe existing wild species, 
or &om the crosnng of several, or from some now extinct species, is 
quite a matter of conjecture" (flower and Lydekker's "Mammals"). 
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Most of tbe wild species oi the genus (of wiiich about 12 are recognised) 
have hoTDB in both sexes, but lai^a* in the male. There are 3 wild 
species in which the hcnns are lacking in the female, accordii^ to 
Flower and Lydekker. If these have been crossed into the domesti- 
cated breeds iba ccmdition shown by the Merino may go baok to the 
wild state. The third condition found in domesticated races, viz, 
homlesmess, may have appeared under domestication. Such a change 
might hare arisen in either of the two other types and would be com- 
parable to well-known losses of characters shown by dcnnesticated 
MtimnlH and plants. These losses of characters are usually ascribed 
to actual lessee of genes; any lost gene in the complex (d factors neoes- 
saiy fta the production of horns might cause such a change. But there 
is no advantage, in fact, in ascribing the low in the character to a lott 
in one of the factors producii^ that character, for any change of any 
kind in the factor complex mi^t bring about the same result and Uw 
evidence from multiple allelomorphs should put us on our guard 
against the all too easy assumpticm that a loss in a character involves 
necessarily loss of a factor in the real sense in vidiich loss is used in 
ordinary speech. 

The operative and genetic evidence for sheep shows that if the h^ns 
in the nude were developed through natural or sexual selection we 
should expect them to develop also in the female. The greater develop- 
ment in the male seems to be due to secretions from the testes which 
probably are due to special factors that call them forth, but whether 
such fact<H^ were also acquired to reinforce the effects being produced 
throu^ selection or were already present (reinforcement for horns 
being only a by-product of their activity) can not of coiirse be known. 
We can suppose that special factors that suppress the development of 
horns in the female may have arisen in the wild or in the d(Hnesticated 
races and have been perpetuated because of some imag^ed benefit 
conferred; or that in certain races factors were already present that 
kept down the development of horns in the female. In any case such 
factors do not cause their effects through secretions from tbe ovary, 
because after ovariotomy horns do not develop; nor are they sex- 
linked factors. Any speculation as to how natural or sexual selection 
has brought about the evolution of the horns in sheep must reckon 
with the conditions imposed on such speculation by the preceding 
information. So far as I can see, it leaves the ntuation in this respect 
neither better nor worse off than before. 

In deer the effects of castration are well known, but there is no 
genetic evidence to show the kind of factcos involved, since no crosses 
have been made between species with differences in their horns. If the 
young male deer is castrated before the antiers have appeared, no horns 
develop. If castrated at the time when the antlers have begun to 
devdop, incomplete or imperfect development fcdlows. The antlers 



.yGoot^lc 



70 THE GENETIC AND THE OPXRATTVB XTIDXNCE 

T^mun octkkA with the velvet, and are said not to be tlirown dSF 
periodically as in the nomal male. If the adult st^ with antiers is 
castrated, ^e homa are precociously dropped, imd, if replaced at all, 
the new antlers are imperfect and are not renewed. I do not know of 
any cases in which finales have heesi spayed, but no doubt, the ovaries 
must sometimes become diseased. There are, however, a few records 
of horns developing in this sex in old age, or premunably after disease 
of the ovaries. Both male and finale reindeer are homed. CastratiMi 
produces no effect on the devel(^»nent of the horns. 

In the case of deer it is evident that the presence of the testes in the 
male causes the horns to develop. The genetic factor, or factors, f<n- 
horns may be supposed to be ouried by both m/eee, but the effects ct 
the factor can be seen only when the testes are present. In the reindeer 
and eland, on the other hand, tiie gwetic factor for sac can produce 
horns without tiie need of the environment produced by thfe testes.* 
Whether we are dealing here witii tiie same factor or whether the rest 
of the hereditary complex makes the result different can not be known 
without breeding experim«its. 

There is apparently a connection between the stage of developmoit 
of the horns and the age (A the animal, as the fc^owii^; statement t^ 
Yairell' (1858) indicates: 

"The tallow-buck is at his best in his sixth, or at most in his seventh year; 
after which, though the carcass may inciease, the horns become smaller, and 
irre^fularly going back annually through something like their fomver stages ot 
increase, a very old buck has fnnn the state of his homH been mistakeD for a 
young one. In the osteological department of the Museum at Paris there 
was, and oiay be now, the skeleton of a female reindeer in which the horns were 
reduced to httle more than a rudiment of the beam and the brow-antler; this 
animal was so old that the molar teeth were worn down to the edges of the 
alveolar cavities." 

At first sight these results in the fallow deer appear to be only an a^ 
condition, but since in old age a reverse process sets in, it may appear 
more probable that the amount of secretion by the testes or other 
glands may be the conditioning agent. In the case of the reindeer one 
may hesitate to ascribe the change to the ovary without further 
evidence. 

In cattle the effects of castration as seen in oxen have been studied. 
There is little here that is useful for our present purpose. The horns 
are not inhibited and may even be larger than in the bull. The absence 
of horns in certdn races of cattle is apparently a dominant character, 
but as the character is neither eex-Umited nor sex-linked, the evidence 
has no further bearing on the present topic. 

' In tlw aland •■ it«U m in Uie rcittdMr, io wUoh both aexca b>TB honu that bafiii in Uu latter 
at 1«aat to develop befora the Eonads ripen, it is atated that caatralioii do«a not prevent the devtl- 
apiatat of the boma in the male, bat irtntbcr they are a> large aa in the nnmal male i* apparently 
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The eSeot (^ removal of the ovary from female calves has been 
studied by Tandler and Keller. The hdght of ihe ovariotomised female 
is leee than that of the cow. The same difference is found between bull 
and ox. Tandler and Keller call attention to the eimilarity of the head 
in male and female lacking the gonads. They conclude that the 
ovanotomized female does not come to reeemble the male, but that 
lemoval of the gonad causee both aexee to convei^ to a common type. 

Castration is frequently porformed in horses, dogs, and cats, but as 
the secondary sexual differences, aside from size and behavior, are not 
very well marked in these animals, the results need not be here con- 
sidered. 

Steinach's experiments with rats are important, because by grafting 
ovariui tissue into the castrated male, the male was caused to assume 
certain characteristics peculiar to the female. The mammary glands 
that are rudimentary in the male became much enlarged — not only 
the glandular tissue increased in amount, but the mftntinm themselves 
were greatly devel<^}ed. The hair of the male is coarser than that of 
the female. In the feminized male the hair was soft like that of the 
female. The sim was smaller tiian that of the male. The skeleton also 
was affected, and Steuiacb thinks that it changed in the direction <^ a 
female skeleton. Even more striking was the sexual behavior of the 
feminized lat. The individual no longar reacted as male, but showed 
some of the reflexes peculiar to the female. These results, that stand 
almost alone, appear to show that several of the secondary sexual 
characters of the female rat are due directly to the presence of the 
ovary. 

One of the most striking and definite results shown by castrated 
rats (Steinach), guinea-pigs (Pirsche, Steinach), rabbits (Paxmcet), 
hedgehog (Marshall), and man is to be seen in the effect on the acces- 
sory glands connected with t^e nude ducts as well as on the penis. 
These remain small and infantile. Some substances produced by the 
testes are essential for the development of these parts. Natural 
selection rather than sexual sdection would be the agency that here 
comes into play. 

In man the effects of castration have been often described. Eunuchs 
have had a commercial value in some countries, as in Turkey and 
China, and castivtion has be^ deliberately practiced on young 
children. Certain religious sects, such as the Skops of Russia, have 
advocated and carried out the operation. Disease has also at times 
necessitated the removal of the t^tis, m^e often in adults than in the 
young. The full effects are shown oniiy when the operation has been 
carried out before the secondary sexual characters have developed. 
The more striking difference between the sexes involve the beard, and 
the hair on other parts of the body, the voice, the shape of the pelvis, 
and the mammary glands. For a detailed account of the results, 
the publications of Tandler and Grosz and Marshall's book on the 
"Pl^ology of Reproduction" should be consulted. 
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The two moet obvious changes in the eunuch are the absence ol the 
beard and mustache and the small laiynx, it4uch produces a h^h- 
pitched voice. In both these respects man di£F»s from woman; in 
both, however, the etmuch is like the boy as much as he is like the 
woman. It is not evident, tiierefore, whether the eunuch has retained 
the juvenile condition or has become more like the female. Moreover, 
there is the poesibihty that there is no differmoe in the present case 
between these two conditions. The distribution of hair on the pubis 
of the eunuch is often said to be more like that in the woman than that 
in the man, but there is apparently no sufficient evidence to show that 
this is more than the juvenile condition or an undeveloped condition 
of the mate. As to the voice, there is no way of determhung whether 
the voice of the eunuch is feminine or juvenile. The development of 
the mammie in the eunuch would be a better test, but it does not appear 
from theliterature on the subject that the mammary glands and ih.e 
nipplee of the eunuch are changed toward the female type. On the 
contary, it appears rather that there is no such chaise. It is true that 
the tendency toward the accumulation of fat may give the eunuch a 
8<miewhat f^ninine appearance (since one of the foci of &t accumula- 
tion is in the region of tiie breasts), but this in itself can scarcely be 
claimed to be feminixatjon, but diui rather to the more slothful habit oi 
the eunuch that tends to obesity. 

A more si^gestive resemblance is found in the narrowness of the 
shoulder girdle and broadness of the hips in the eunuch, but even these 
rsemblances to the female should be regarded skeptically, since other 
changee in the bones that result from castration are certainly not a 
development toward the f«nale type, but a peciiliar specific effect of 
the alienee of testes on the growth of the bones. For instance, the 
bones of the arms and l^s are much longer in the eunuch than in 
either the n<Hmal man or woman, in fact, more in the direction of the 
male, who has longer l^s than tiie female. The explanation usually 
pven is that the ossification at the ends of the bones and of the epiphyses 
does not take place so soon as in normal men and women, llie con- 
dition here is that cbuacteristic of the juvenile state that is carried 
over into the adult, but whether the narrowness of the chest and 
shoulder girdle of the eimuch is correlated in some way with the more 
prolonged growth of the other bones has not, so far as I know, been 
determined. That there is no apparent connection between the 
shortness of the one and the greater length of the other does not 
necesaarily lead to the conclusion that there is no such connection. 
Fot the present I think we must hold this point in reserve. 

Steinach's evidence for the feminized rate, if it may be extended to 
man, indicates that some of the female characteristics are due to the 
|H«srace of the ovary holding in check the genetic possibilities of the 
femide, as well as leading to the development of such characteristic 
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teaits as the mammse, eto. In the ease of the pelvis the female dqutrts 
from the juvenile type of both sesee, and here one jrag^t look for 
a better criterion. It is stated that the pelvis of the ox is more like 
that of the fem&le than it is like that of the male, and it has been said 
that Ihis is true for the castrated lat and guinea-pig, but whether a 
simile enlargement of the juvenile pelvis would make it resemble the 
femikle type more than that of the male has not, so ^ as I know, been 
carefully examined. %ould it prove here that this is the case, the 
evidence on this point would be no stronger than that for other charac- 
ter difFerences. As has been stated, Tandler and Grosz think that the 
chaises in the skeleton of the ox, as well as those in the castrated cow 
(skull, pelvis, and limb bones), are due directly to loss of the gonads 
and are much the same in both. But their resemblance may possibly 
be due mcve to an oilarged juvenile condition rather than that either 
of them changes toward the D(»rmal skeleton of the other sex. 

I^e statements that have been published concerning the effects of 
removal of the ovaries in woman are, on the whole, imsatisfactoiy and 
often contradictory. That the uterus and oviducts become smaller is 
expected from what is known to occur In other mftmmftlR, and is 
definitely recorded in the himian finale. That the breasts become 
smaller is stated to be the case, but whether because of an actual 
decrease in the glandular portion has not, so far as I know, been 
shown. That hair is likely to devel<q} on the upper lip of woman 
without ovaries is also claimed as likdy to occur, and this, too, is 
sometimes seen in old women, but if it is interpreted to mean an 
approach to the bearded condition of man it should be admitted that 
the development is hardly sufficient to invite such a comparison. 
Finally, it has been stated that the voice becomes deeper, more, thra^ 
fore, like the male, but this has also been denied. If it could be 
established that the voice changes and that it was brought about by 
An enlargement of the larynx, similar to that which takes place when 
the larynx of the boy changes to that of the man, it might seem not 
improbable that the change was toward that of the opposite sex. 
This would mean that the ovary produces some substance that pre- 
vents the enlargement of the laiynx in the female. But since it has 
been shown that the enlargement in the male is caused by the develop- 
ment of the testes, and that this enlai^ement is prevented by castration, 
a paradoxical situation would present itself, viz, that the testes cause 
the larynx to enlarge in the male and the ovary prevents the enlarge- 
ment in the female. Until convincing evidence is forthcoming, the 
question is better left undecided. 

B. EvmiNcis TBOu Bibds. 

Probably a greater difference in the secondary sexual characters is 
shown in birds than in any other group. It is true that there are 
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qiecies, 8ucb as the doves and pigeons, in which the {dumage of the 
male is much like that of the female, but this is the exception rather 
than the rule. At the other extreme are speciee like birds of paiadise, 
hummingbirds, fowls, pheasants, ducks, and many passerines, in 
which the plumage of the two sexes is oitirely different. Our knowledge 
as to the relation between the nuptial plumage of the male and the 
coDdition of the sex-oi^ans rests laigely on information gained by 
caseation in poultry and ducks and on the assumption of the nuptial 
plumage in several species only at the mating seaaon. 

John Hunter in 1780 described a pheasant with male plumage. His 
account of a similar change in a pea (ovd is bo cinnplete Uiat I venture 
to quote it in full: 

" Lady Tynte had a favorite pyed pea-hen, which had produced chickens 
eight several times; having moulted when ahe was about eleven years old, she 
Bstoniehed the lady and her family by showing the feathers peculiar to the 
other sex, and appearing like a pyed peacock. In this process the tail, which 
was similar to that of a cock, first appeared after moulting. In the following 
year she moulted again, and produced the same feathers. In the third year 
she did the same; at the same time she had spurs similar to tboee of a cock. 
She died in the following winter during the hard frost, namely, in the winter 
1775-6. She never bred after this cliange in her plumage. This bird is now 
preserved in the Museum of Sir Ashton Lever." ' 

"From what has been related of these two birds, may it not reasonably be 
inferred that it seems probable that all those wild pheasants of the female sex, 
which are found with the feathers of the cock, had changed the nature of their 
feathers, particularly at a certain age? 

" If this idea be just, it shews that there is a disposition in the female to ccnne 
nearer and nearer to Uie male, at least in the secondary properties; or it may 
rather be said that the female is later in producing this change than the male is; 
fOT it has already been observed that both sexes when young differ not from 
each other in these respecte, but that the male appears to be the one that by 
d^^eea separates frcon the female in its secondary properties." 

Statements in r^ard to the effect of castration on poultry go back, 
it appears, to Aristotle. Yarrel in 1811 and again in 1850 has given an 
excellent account of many of the effects produced. His account of the 
effects on the cock seem to be based partly on hearsay, and while they 
contain much accurate information, yet the statement that the 
plumage of the capon is intermediate between that of the cock and hen 
is incorrect. The further statement that by cuttii^ the oviduct the 
hen assumes the plumage of the capon has been shown by Sellheim to 
be erroneous. The operation referred to by Yarrel must have been 
one in which the ovary was removed. 

> It might be nippoaed Uiat tbis Inrd wu really > eook wUeh h«d be^i ohKUced for k faen; but 
llie ftdlowing fsoti put thia tatttex beyond & doubt ; first, there wu no other pyed peai-Iowl in 
the country. Secondly, the hen had knobs on her toes, which were the nme after her chance. 
Tlilrdly, she waa aa nnall after the chanse aa before, therefore too unall for a cook. Fourthly, di« 
was a favorite bird, and wm generally fed by the lady, and u*ed to come Tik' her meat, which 
•be atiU ooDtanued la do after Uie change in th» feaUiera. 
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Yand described a female pheasant that had assumed some of the 
characteristic colore of the male. On dissection he found that the 
ovaiy was diseased as well as the oviduct. He correctly asedgns the 
change in plumi^ to the condition of the ovary. He states further- 
mxtTB that most of the female pheasants that he had examined that had 
male plumage had not assumed the complete cc^oration of Uie male. 
In <Hie ease, howevra*, a ctHnplete change had taken place. The change 
in i^ieasants he thouf^t was due to (Ad age accompanied by partial 
or complete toss of function of the ovary. Fot poultry he states : 

" In the imperfect female the comb increases; a short spur or spurs appear; 
the plum^e undergoes an alteration, getting what is usually called 'foul> 
feathered;' she cesses to produce any eggs, and malces an imperfect attempt to 
imitate the crow of the cock. Being profitless in this state, aie is usually made 
away with. The proverb says: 

A irtuBtling woBuui And « crowing hen 

Are neither good for godB nor men. 

Our neighbois and allies the French, who seem to take a wider range in their 
prejudice against habits which th^ ctHiaider irregular, have the f<dlowiiig 
proverb, wmch says; 

Foule qui chftnt«, PrMre qui (Unse 
Et Femme qui poile latin, 
N'ftrrivent jftnULn i belle fin. 

"I have seen two instanoee in which females of the wild duck have assumed 
to a coomderable extent the appearance of the plumage of the mallard, even to 
the curled feathers of the tail. One of these birds, in my own collection, was 
given me when alive by my kind friend the late John Morgan, esq. When this 
bird was examined after death, the sexual organs were found to be diseased, as 
in the case of the hen pheasants referred to, and figured in the 2d volume of the 
History of our British Birds. In the published illustrations to his Faima of 
Scandinavia, M. Nilsson has given a colored figure of a duck in this state of 
plunu^ (plate 163), which is called a barren female, and in which the curled 
tul-feathers are made very conspicuous. 

"From the general similarity m these females to the appearance assumed 
for a time by healthy males in July, I am disposed to refer this seasonal change 
in males, in this and in other species of ducks, to a temporary exhausted state 
of the male generative organs, and their consequent diminished constitutional 
influence on the plunu^. 

"A male shut up by himself from eaiiy spring to the end of July undergoes 
no change in his plumage; but if he is allowed to associate with females till 
their season of incubation commecnes, he then goes through the change, and 
this mpean to indicate the cause of the partial summer moulting. 

"The appearance is somewhat different, but yet very interestjng in insects 
and Crustacea. In these cUisses the sexual organs are double and distmct, 
arranged one on each sde of the elongated mesial line. It sometimes happens, 
tWt a species in which the sexes are of a different color, or m arki n g, or form 
has one seaiual organ of each sort, male and female, in which case each half 
of the same insect is developed under the exclusive influence of the sexual organ 
on its own side. Instances are preserved among our collections of butteries, 
mothes and beetles; and I have seen it twice in the common lobster. 



,yGoo(^le 



76 THE GENKTIC AND THE OPBBATIVX ETIDENCB 

" Kor is tbe humaD race ezonpt from the (^lention ot the law which prevaila 
in the Mammalia. In women, at an advanced age, hair appears on the chin 
and upper lip, and the voice alters, becoming deep in its tone. The beard in 
old men bectHnes thin and soft, and our own inimitable Shakespeare has told us, 
* * * his big manly voice 
Tuining again toward diildish treble, pipce 
And wbiatlea in hiB KNind. 

Gumey (1888) has recorded several cases in which female birds 
have assumed male plumage. For instance, he describes a female 
merganser, Mergus serrator, assuming male pliunage that showed no 
signs of disease in the ovary. Mr. Cecil Smith had a female widgeon 
{Mareca penelope) on his ponds near Trenton, which assumed the male 
plumage some years ago, and which, so far as he knew, had not had 
yoiu^ nor laid ^gs. 

" On May 16th, 1SS7, a chaffinch iFringiOa caldig) in full male plumage was 
shot at Chapel Town, near Leeds, in Yorkshire, by the son of Mr. W. L. Jack- 
sou, M. P.; it was skinned by G. R. Graaabam, assistant to Mr. W. E, Clarke 
at the Museum, who, much to tiia surprise, found that it was a female, and 
contained an egg, ready for laying, of a pale blue, without markings, imd an- 
other egg in a less forward state. This chaffinch is in every way in perfect 
male plumage, and I am indebted to Mr. Clarke for his kindness in sendii^ 
these particulars with tbe specimen, which he received from Grassham a few 
hours after the latter had dissected the bird. 

"In the 'Norwich Not. Trans.,' an enumeration was given oS female Red- 
starts [Rvticilla jAoeniewnu) assuming male plunuge (I. c.) to which the fol- 
lowing may be added : a hen R. pkoemcvrua aaauming male plumage, and very 
like Mr. Millais' described in the 'Norwich Nat. Tra^'iv., p. 182, was caught 
by Mr. W. £. Clarke tatting upon her eg^, at Wike, near Leeds, in June, 1886; 
at the same time Mr. Clarke saw tbe cock close by, which appeared to be in the 
Mdinary male plumage. The late Mr. Henry Doubleday's collection con- 
tained a hen Redstart (A. pkoenicurus) in male plumage, wmch had the ovaries 
'quite perfect and full of ^B^' iff. B. of Norf., i, p. 370, note), probably one of 
those fdlu<ted to by YanelTCBrit. B. Ist ed. i, p. 240) in tbe remarks made by 
him on the plumage of this species. I have some recollection of this Redstart 
at the dispersal 5[ Mr. Doubleday's collection, but do not know who was 
the purchaser of it. There can be no doubt that more would soon turn 
up if looked for; and now that attention has been drawn to the subject, 
and tbe practice of dissection is getting more general among bird stuffeis, it is 
certain to be the case, not only in RvtieUia, but in other genera besides. Why 
it shot^d happen in RvHcUJa pkoenicunu oftener than in other Passerine bln& 
is hard to explain, but such is evidently the case." 

"The same is recorded to have happened five or six times with the female 
Red-backed Shrike (LanttMCoUuna); see 'the Field,' June 17, 1871, and April 
25, 1885; Mag. N. H., iv, p. 344; 'B. of Suffolk,' p. 45; 'Ibis,' 1863, p. 292; but 
tbe number of hen Redstarts wluch have donned masculine attire is greater. 

"Tbe following is a list of tbe species in which one or more instances <^ 
females mwniming male plumage are ascertuned to have occurred: 

Fkleo MBklon, fide Soultjr. (Cf. Bhupe, 'Cat. Btids Brit. Mm.,' i, p. 407). 

lliuiiuieuhu aUuduiua, fide Sbupe; oid. fig. P. Z. 8., 1874, p. 680. 

lAniuB ooUurio, fide Hoy. 

lAnid* vittattH, fide B^. 

ButidOft phcenieuniB, fide Millaia, Clwke and othon. 
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Ftingilbt oodeba, fidedaike. 

limU oumaUna., fide Blyth. 

linote ntr«M«oi, fide BlTttt. 

N«atariiuk aoatiM, fid« Blyth. 

ObDih (dornvtio fowl), fide YunU utd othtn; ooL Eg. "B. of Sherwood," p. 183. 

Pkvo (peoben), fide Iftthnm; fig. "Syaopm," ii, pL 60. 

Mele^«ni (Turicey), fide Bechrteiii. 

PhABuiuB otdchieoB, fide Edwwdfl uid otbers. Of eommon oooarrmee in a aemi- 
domaBtie»t«d sUte. 

nwamaleft pieta, fide Edwvds. 

Euplooamue uyctbeoMrus, Bde TurdL 

PuoMiti nipokoaa, fide Blyth. 

TetTM tetrix, fide Bond; ooL fig. Dratav, "B. of Eur.," n, 206. 

TetTM uroRiJhH, fide Nilnoa; ooL fig. "Unacr Auer-, B»ok(i- nod Biikwild und 
Bane Aborten," by A. B. Mqrer. 

Otia tMtU, fide TiedntMUL 

Adm (dooMetie dwA), fide Bmric^; m^ fig. "Oni. Miae.," i, p. 118. 

AwH boediu, fide Haooook; fig. otd. "SoHiduUTisk FMina," jiL 163.* 

Fuligula marila, fide Blyth; see also P. Z. 8., I8SS, p. 246. 

Mcrgna asrator, fide Qumey. 

Hwee* peoelope, fide Ceoil Smith. 
"FerbapB the Kestrel (TuinuneuZu* ahudarnu) ou^t not to be included 
in this catalogue, for so many have been seen with the lower part of the back 
blue or bluish, as to leave little doubt that the female generaUy becomes ao if 
she Uves long enough. 

" It is aaid that the females in Oriolua generally becmie as bright as males in 
time ('Ibis,' 1864, p. 412; 'Field,' June 24th and July 8th, 1871)." 

"P. 8. — Mr. W. Tegetmeier tells me he has known a bunyard oock moult 
into ben's plumage, which is the convene of the instances narrated in this 
pfQ)er, and rather lea^nbles the annual change which takes place in Atuu 
boichaa and others of that tribe." 

In a later notice Gumey makes the following statement: 

"The bearded tit (Panuru* btarmicua) may be added to the list of female 
birds which are known to occasionally assume male plumage. In the simimer 
oi 1882 a bearded tit, two years old, m Mr. J. G. Keulemaiis' aviary, hatched 
five eggs and moulted, during which operation she suffered much from cold 
and stiffness, and when she recovered her plumage it was partly that of the 
male (<^. 'The Field,' Sept. 14, 1872)." 

Brandt, who has reviewed the literature very thoroughly, cites the 
following cases: 

"Gal^naoei: Gallus bankiva domest., Phasianua pictus, torquatus, col- 
chicuB, m<Higdicus and nycthemerus, Pavo cristatus domest., Meleagris gallo- 
pave dcHnest., Perdix einetea, Tetrao urogallus, tetrix und bonaaia. 

"Paanres: Fringilla ooelebs, Pyrrhula vulgaris, coccinea, Loxia chtoiia, 
Turdus menila, Ruticilla pboenicurus, ochnu^ chrysogastra, Cyanecula 
Wolfii, Stumus vulgaris, Ampelis cotinga. 

"Scansores: Cuculua canorus, Edolius ^andarius. 

"Grallatores: Machetes pugnax. 

"Natatores: Anas boschas domest. 

"Es ware denkbar, daaa die Hahnenfedrigbeit, wenn auch in verluq>ptem 
Grade, alien VOgeln, selbst denjenigen mkomme, derea Gefieder uns ges- 
chlechtlich uniform su sein scheint. Wie dem auch sei, einselne Genera und 
Species scheinen mehr, andere weniger sur Arrhenoidie prftdisptHiirt. So 
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branerkt J. (Jieoffn^ St. Hilaire (p. 511), daas Fasanen h&ufiger Bclbst als die 
Hfllmer hahnenfedrig werden, w&hrend fUr den Pfau, den man docb steta eines 
nattlrlichen Todes sterben laset, ihm nur ein einiiiger Fall (der von Hunter) 
bekannt geworden. WShrend Lorenz (vide Tichomirow) aiif dem Moekauer 
Markt hau&ger hahnenfedrige Weibchen von Phasianus colchicus und mongol- 
icus aufgefimden, iat ihtn diesee fur Ph. chrysoQielas bisher kein einziges Mai 
gelungen, ob^eich die Zahl der jahrlich in Moeksu feilgebotenen Ex^plaie 
dieser Art sicb auf 8000 StUck belkufen mochte." 

The preceding cases relate to exceptional changes In the pdiimage as 
observed in nature, or in birds kept under domestication. We may next 
examine Uie cases where the ovary or the testis has been removed. 

The earlier observations of Berthold, Wagner, Hanau, Samuel, 
Sellheim, Pirsche, Foges, Shattock, and Selifpnan are sufficiently 
covered by later work quoted b^ow. Sellheim'a woi^, however, is 
eq)ecially to be noted, since he gives some measurements covering the 
weight of the brain, heart, and body of the cock and capon, as well 
as observations on the skull and skeleton. The weight of the br^n 
is slightly less in the capon, but the body-weight is greater. He ques- 
tions whether the ovary has ever been successfully removed, and he 
shows that the operation of resecting the oviduct does not, as was 
supposed, lead to the d^eneration of the ovary. On the contrary, he 
found that after the effects of the operaticm had been removed the 
ovary began again its functions. 

From Goodflle's careful summing up of the effects of castration only 
the following points need be recalled: The feathers are httle changed; 
some of them, the hackles especially, become longer. The lowermost 
tier of wing coverts are elongated as compared with those of the cock. 
The spurs are practically the same in the capon and cock. The capon 
is disinclined to give voice, but at times he crows. The molting is not 
affected. The size of the capon is larger. He pays little attention to 
the hens. He is not pugnacious, and if attacked will not often fight. 
As a rule he does not pursue the hens, but if a hen squats down as the 
capon approaches be will mount and go through the characteristic 
mating reaction. The comb is extremely small, much smaller than 
that of the female of the same race; it is ii^Cantile rather than feminine. 

Comparing these results with those that I have observed in the 
castrated Sebright, we find that aside from the assumption of the full 
plumage of the cock-feathered bird the Sebright shows all of the 
characteristic features of the capon. The spurs develop, perhaps even 
more fully than in the normal Sebright cock. He seldom crows, and 
then we^y. The birds appear, large, but ihe excessive development 
of the feathers produces the effect. I have not weighed them to show 
whether an actual increase in size takes place. Two of my birds are 
notably lai^ for Sebrights, but the others are smaller. Both large and 
small cocks occur in the strain that I have used. My Sebright and 
other capons neglect the hens, but I have seen them tread ihe hens 
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on occasion. They will fight each other, if two strangers meet, but the 
attaclES are not violent or prolonged. A normal male beats them 
easily, and afterwards they run away from such birds. The combs and 
wattles are very small and pale. If a piece of the testis is left in, the 
comb is a fair index of its sise. In the birds that changed back toward 
& Sebright the comb slowly enlarged. After the second operation it 
decreased again as the plumage once more changed to that of the cock. 

Goodale's results witii ovaiiotconized females are especially note- 
worthy, since here for the first time we have definite information as to 
the effects of the operation. By using a well-established breed, the 
brown Leghorn, in which the dimorphism of the sexes is very striking, 
the results are made all the more convincing. Goodalef ound that it was 
possible to comj^etely remove the ovary of young birds, for at an early 
age the ovary is sufficiently compact to make its entire removal pos- 
sible. Later the ovary becomes more diffuse, and complete removal 
is almost impossible. In a few successful cases, in which the ovary 
had been completely removed, the bird assimied the full plumage of 
the Leghorn cock, with red back, black breast, and long, pointed hackle 
and saddle feathers. Spurs developed in all the operated females, even 
when the ovary was not entirely removed. There can be little doubt 
that the ovary holds back the development of the spurs, but as some 
hens sometimes develop spurs, especially in certain breeds, it is not 
entirely certain that in these cases the loss of the ovary is the cause of 
the appearance. Tlie comb (and wattles) developed to different 
d^rees; in some birds it was as lai^ as in the cocks, in others no 
lai^r than in the normal hen, but in all cases it was larger than in the 
capon. What to conclude is doubtful. Tentatively it may be su^^ested 
that the genetic complex that gives the female (ZW) produces a comb 
as lai^ as that shown by the-female independently of the ovary, but 
beyond this point the ovary inhibits the further development of the 
comb, presumably by means of the same internal secretion that holds 
down the cock plimmge in the hen. In the male, on the other hand, 
the genetic complex (ZZ) produces a comb much smaller than that of 
the female (no more than that of the capon), and the testes produce a 
substance that causes this comb to grow to the 8i2se of that of the cock. 
Possibly, however, other internal secretions are involved. 

Tlie operated hens are quiet and nearly voiceless. None of Goodale'a 
birds were heard to crow, yet this seems to be a well-known peculiarity 
of old hens that have become cock-feathered. The operated hens are 
not lai^er than the normal hens of the same breed. Their l^s remain 
short, as in the normal hen; and in this respect and in size the ovarioto- 
mized bird ia externally a female. The pouUards "nev» visit the 
nests, never sing or cackle, show none of the normal female reactions, 
and few or none of the male." 
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Hie inBuence of the ovary in suppresmng the cock plumage has been 
convincini^ shown in an experiment of Goodale'e, in which, after 
removal of both testes from the young Le^orn cock, pieces of ovariea 
were inserted into the body-cavity. As dissectioQ showed later, several 
of these implanted pieces grew onto the wall of the body-cavity. The 
birds developed the plumage of a hen, althou^ some tiaoes of tJie male 
t>luniage were at timee presrait. llie difference between the sexes is so 
great in Brown L^homs that the hen-feathering of the feminised 
cockerels leaves no doubt that the presence of the ovary had produced 
the female coloration. 

Geoffrey Snuth and Mrs. Haig lliomas (1913) have examined a 
number of hybrid pheasants, some of Triiich were sterile. They found 
that the ovBiy (uid oviduct) was often small and degenerate. There 
was a more or less correspondii^f tend^icy for such finale hybrids to 
show male feathering, at least In a part of the plimuge. The degenera- 
tion of the sex element, however, does not take place until aftw the 
time of synapsis, so that the yoimg^ germ-oells may be normal. Hie 
later defeneration of these cells is not likely to influence t^e sec(xidary 
sexual characters, but may be an index of changes in otha parts of 
the ovary. 

Geoffr^ Smith had a breed of White Leghorns with cocks of two 
classes — those that assumed cock plumage at 6 months, and those that 
are like the h^is for 8 months, after which they slowiy assume the 
cock-feathering. The difference is hereditary and appears to s^regate. 
Possibly this breed had one factor at least for h<ai-feathering that is 
more effective for young birds than for older (Hies. 

Smith states that birds and crabs (see ir^ra) appear to give opposite 
results, since removal of the ovary in the former leads to devdopmmt 
of secondary male characters and removal of testes in the latter to 
secondary female characters. But he adds that he thinks the results 
are really the same, because in the crab it is not the suppreeracm of the 
testis but the feminizaticm of the male by tiie Saceulina that causes the 



lliere are a number of obswations on ducks. Several cases have 
been recorded where in old age the female assumed the male plumage 
(I>arwin,Shattock,andSellheim). Also a few cases in which the testes 
were removed. Ilioee of Goodale are the most complete and striking. 
Hie male duck has two characteristic plumages, one called the nuptial 
also called the summer or breeding plumage t^t is assumed at 
the molt in the autumn, and the other the eclipse plumage, which is 
not identical with but much like tiiat of the female. H^^, then, we 
* find a new atuation, and one that invites comparison with the con- 
dition in Sebrij^ts, in so far as the male beccanes hot-featiiered at 
certain seasons. 
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Tlmnig^Knit the greater part of the year the Rouen drake has the 
nuptial plum^^e. lite head is green and the breast is claret. Two 
median tail feathers are Btrcm^ curved; the next two are also often 
curved. These four are called tite sex feathers. At the close of the 
breeding-seawMi (Jufy) both sens UK^t. The male now has the same 
coat as the female, (Mrneatfy so. The grem bead becomes brown to buff; 
the sex featiMrs are stnii^t. The change back again to ihe nuptial 
plumage heginsat the end (rfsummM* and is oranpleted early in October. 
Thus in the race of Rouou the eclipse plumage lasts only a very short 
time. In the mallard it lasts longer. The eclipse plumage develops, 
thwefcHV, <mly mbea the testes are active, or, as Goodale puts it, "tiie 
[memoe of the active testis is necessary for the drake to assume this 
plumage." C<Hivecr8dy, the nuptial pJumage cranes on in the late 
summw, when mating is over, and when the testes have shrunken and 
are not active, at least as far as the sex-cells are ccmoemed. In some 
reepecta the situaticK) is like that in the foiris, for in both the testes are 
not necessary for the devekqmient of the full plumage, but in other 
nepoeta the situation is diffovnt, because at the time in the ducks 
irtwn the testes are active tiie eclipee plumage develops. Are we to 
suppose that at the time oi sexual activity a substance is produced 
analogous to tliat produced by the ovary of the female? This seems 
ibe most i^ausiUe assumpticm, for we know that if the testis is removed 
the eclipse i^nmage does not appear. Such a situation sufseets a 
omqiarison with tiie Sebright, where it has been ^own that the testis 
must aetivdy produce some substance iviiich, like that in tite ovary, 
keeps down cock-^eatherin^. It is plausible, even if it can not be 
establuhed, that the substance in the duck and the inhibitory substance 
in the male Sdsri^t are the same as that produced in the female. 

{joodale's results with females (ducks) are not so clear cut, because 
the ovariotMnised females turned out to be of two sorts. One sort is 
almost identical with the male, the other is mcve intermediate. There 
are sufficimt reascxiB for thinking, he eaya, that these differences are 
not due to defective operations. Goodale suggests a goietic differoice 
in tJM fonales used, but this is ^>parentiy even to Goodale himself 
not a very satisfactory solution. For our present purpose the impor- 
tant fact is tiiat the ovariotomised female may assume the perfect male 
plumage. Evidentiy the ovary [voduoes aome substance which, as in 
the hen, suppresses t^ potential i^umage of the mate. One such femide 
known to have had all the ovary removed never assumed the summer 
(ecHpae) plumage of the drake. On the other hand, another female 
devdoped first the nuptial i^unu^, but this was replaced by the 
summer coat "of the male of this variety." Again, in the summers of 
1914 and 1915 tite change to the eclipse plumage was ft^owed in the 
1 by a return to tike ni^tial plumage. 



.yGoot^lc 



82 THB QBimiC AMD THB OraSATITa BVIMHC9 

How oau we eqrfun Um vppaMoti disenfMUMy of Goodale'a nniltsT 
Ib one caoe, Uie mqrtaal plumage was indted to nuptial i^udbcb; in 
the otfaa ease an aoUpee plumage Kpjf*'*^ ^ t^ toeeding waann 
Goodale neards the latta case as a more perfect amvoaeh to the male 
than the Icawer, but this view undoubtedly offers serious titeoretisal 
difficultiee. It serans to me poasible to sui^Miae that in tboee cases 
where the siunmiar {dumage aj^nared these was in raahty eoou^ 
ovarian tissue (or related tissue) Itf t after the operation to produee an 
efieet at the nmnal season for such ovanan tissue to beorane most 
active. It might thok suffice to eclqwe the male plumage sufficioitly 
to make it very similar to the eclipse ol the normal male. At any rate, 
on this basis we have a cuiastait ^>»plftn*tV>« ci the entke vxapkx 
ctf phenomena. 

What bearing have these results rdating to castration and taraiis> 
plantation on the thetffy of sexual selection? Granting, oi course, that 
selectitai takes the materials as it finds them, there may still be restzior 
tions imposed on the theory by the kind of mataial aSeted. For 
instance, the develc^xm^it ol tlra plumage of the cock is indefMndent 
of the condition of his testes. Hraioe, if tite female ejected ^ae more 
vigorous male, she would not necessarily obtain one more ornate tiian 
his less vigorous rivals. If the taste of the hen has built up the plumags 
of the cock, it has been carried out then ind^iendently ol the vigo* 
resulting fmn the greata activity of the testis. In a wcoii, the Toon 
vigorous male is not necessarily the most highly cf^oied one. Darwin 
OfHicedes that these two ccmditions, high color and vigor, must go 
together to insure success, or at least that the most vigorous and there- 
fore the most highly c^^ored male will have more offspring. Wallaoe's 
contention that the greats vigor of the male accounts for his greater 
development of plumage gets scant support from the facts of castra- 
Hoa. One might rath^ contend that the f ooale must be more vigtotHje^ 
since she is obliged to suppress plumage that is allowed to run riot in 
the male. 

Wallace's ai^cument in favor oi natural s^ecti<Hi holding down the 
plumage in the female as a protection to ha while nesting might 
f^)pear to fit the facts better were it not that the queet for an exi^ana" 
tion of the male's plumage is thereby abandoned. It should not be 
forgotten in this ocumection that the nest is generally only pertiy 
concealed, that bright fxAor at rest need not be con^icuous, and that 
the male, reposed as h^ is through a ctrnffld^able part ctf the year, still 
manages to maintain hinuelf in about equal numbers with the female. 
Suppose, however, for the sake o( argument, that natural selectitm has 
k^t undffl the full possibilities of the female. The modiu operandi 
would be competition between the least adraned females, sui^nesmon 
being brought about by the activity of the ovaiy; while the male is 
left therefore to exhibit the full possibilities of the genetic cranplex (rf 
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his nu» witiKNil nitmint. TitB faots in Ae eaae are that the {rfumage 
at the male is the diieet nmlt of hia gnietac oompoaitiaa; the {emale 
has the aaiBB Bmetio eon^wsitiaD (the aex-liiikad d»i»eten are dui^ex), 
but thb ovary produoee a sdManee that holdi them ia reatnint. Pat 
in tiiia way, these is nothing further to be explained, uideas we isnat 
OD finding mi eqibmatioD as to how the q>eeieB eame to have its 
gntetic eoostitutioD. In othw wOTds, if we are not aatiafied with tiie 
atateraeot as to the aetuid situation, we must explain it by a ntiti- 
tarian appeal to a rdatioo between the i^umage and the world outside 
of the individual ot tba ^eaee. To those who fed uneatjs&ed to leave 
the ease as it stands tni a piiynolo^oal basb, there is another hypo- 
Aetical means of escape. It may be assomed that the geoetie faoton 
that are instmmo&tal in produong the secondary sexual eharaeters 
have also otho" but unknown influeneee in the eooB(Hny of the spedee, 
eolor and omamenti^on being by-produets of these factors iriiose 
utility in other direetions aeeounts for their preeenee. Such a {rfiilos- 
opby has poiiape one redeeming feature, onoe it soggeeta the poenbil- 
i^ of searehing for other infliwneee — influenoee that cnly inoidattally 
give the striking ooloration and omainentation oS the males. 

At finrt sight the abeenee of oodc-featheting in the Sebii^t may 
seem to furnish the ooeamon for such a quest. It jrag^t appear that 
rinoe only one or two genetic factco" di£Ferenoes are responsible for the 
"nuptial" plumage (A the male, that this plumage may have originated 
in one or two gmetie changes. Sudi an argumwit s fallaeious, how- 
ever, fw very many genetic tactors may historically have been neces- 
sary to build up the nuptial plumage of the male. The breeding 
experimient i^ows no more thui that oaa or two other factors have 
iq>peared that counteract the effect of all that the others are capable of 
producing; the experiment throws no light upon how many or how 
few these other factors may be. That the nuptial complex is still 
iveeent in the Sebright is evident aSier castration. Castration shows 
(Hkly that the testes in the Sebri^t produce some material that keeps 
down the effects of all the other factors combined. lliiB conchudon, 
it is true, somewhat simplifies the problem for those who appeal to 
natural selection as suppresung in the fanale the featherir^ of the 
co^, because it abom that this oould have been accompliriied by one 
or two Mendehan factors that appeared d sudi a kind that they caused 
the ovary to produce a substance antagonistic to the influences coming 
from the genetic ctanplex of the q>ecie8. 

With this by way criF provisional reposition, let us return to the que»> 
tion as to vrtiether the S^right^ame cross throws any other light <m 
the posably usrful charaeter of the genetic factor or factcm that 
produce ooek-featiiering. It is obvious that the evidence gives us no 
doe at all, for with tin exception of the normal allelcanorphs of the 
dnuinant Caotor for hen-feathering, all the other factors are stiD 
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present in tbe Setm^t. Tbe n«mal alHonufffdi in queetion nsed 
not have had any relation to the other oomptex; in fact, it seems not 
to have any, because the castrated S^ui^^t (with both normal allelo- 
morphs rei^aoed by genee for hen-feathering) still develops the eharao- 
teristic cook-feathering. 

The outcome in the duck with its double male plumage is still more 
puzzling when we attempt to analyze the situation in the li^t of the 
selection theory. At the height of the breeding-season, when his testes 
are enlarged and fimctioning actively, a substance is b^i^ produced 
that leads to the ecBpse of the nuptial plumage. If the male wa« 
selected by his partner for his plumage, he would be choeen for a 
plumage that develops in the absence of the functioning testes. If the 
male is chosen because of his great«- aggressiveness or "activity" or 
"vitality" due to the devdopment of his testes, the result would be to 
select malee that would probably develop a bettw edipae jdumage. 
The case is interesting because it ^ves an opportunity to distinguish 
between a plimiage that develops imder the influence of the sexual 
organs and one that does not; and the latter is paradoxically the 
nuptial plumage. It is true that the male m^t be selected for his 
nuptial suit, and, theoretically at least, fonale choice might still be 
made responsible for this plumage, but this merely shifts the proUon, 
for it leaves "unexplained" the appearance histcnically oi the effect of 
the activity of the testes in suppressing this plumage for a short time 
after maturity. No doubt an attempt might be made to show that 
natural selection comes in at this time of the year in givii^ a protective 
color to the male, but so long as any evidence is lackii^ as to the need 
of this protecti(m the argument serves rathea* to further complicate an 
already difficult dtuation. 

Goodale has written to me that there is an account, in the Agricul- 
tural Journal, Union of South Africa, rv, 1912, of the effects <A t^ 
removal of the ovaiy of tiie female ostrich. I have not been able to see 
the accoxmt, but according to n^ informant sudi fonale individuals 
assume the male secondary characters. 

Of unusual interest in connection with the seasonal change erf phmi- 
age in malee of dimorphic species sxe Beebe's experiments with soariet 
tanagers and bobolinks. In both species the malee in then* nuptial 
plumage are voy different from the females. Full-plumaged malee of 
both spedes, at the height of their "vocal and physical condition," 
were confined in small cages. The supply of light was gradually cut 
off and a slight increase of the amount of food was allowed them. The 
birds became less active in consequence and increased in w^ght. "Tbe 
time for the fall molt came and passed and not a single feathw was 
shed." The birds had skipped tbe autumn molt and remained in their 
nuptial phimage. The song soon died away; "the birds seld(»n uttered 
even a chiip." FVom time to time a bird was gradually brou^t into 
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the Bgfat for a mtk or two and meal-wonnB were added to the diet. 
This inviriaUy neulted in a full leeun^ptioD of song. 

"I found that a midden altMation in temperature — either lower or hi^r — 
wron^t a radical chance in ihb pl^Bcal metabolim of the Inrds. Thejr 
would atop feeding ahnost altogether, and me tanager loet woght raiadl^. 
A few feathns on the neclc fell out, and in tbe course of some two weeks tlua 
bird moulted almost every feather and came Btnmgly into his normal winter 
l^uma^ erf olire green. The metabolism set iq> by the change in temperature, 
m it« mteait and n^ndity, seems oomparable <Hily to the growth ot a deer's 



"Eariy in the following firing individual tanaguv and boboHnka were grad- 
ually brought under normal oonditions and activitiea, with quick result; just 
as Uie wild birds in their winter haunts in South America were at that tune 
shedding tbeir winter garb and assuming the most brilliant hues of summer, so 
the Inrds under my observation also moulted into the colors appropriate to the 
season. The <4d ecariet and blaiA featbets fdl from the taiugers and were 
replaced by otbwi vt ibe same ocdor; from buff, cream, and bla», the bobo- 
links moulted into buff, cream, and bla^ I There waa no exoq>tion ; the moult 
waa from nuptial to nuptial, not fran nuptial to winter [dumage. The dull 
colon of the winter seaa(H> had been skipped." 

How are these results to be intopreted? Obviously the environ- 
ment ineveoted the autumn molting; h«ioe the birds neoeeaarily 
retsined tbear nuptial plumage. But is this the whole stcny? Did they 
not also remain sexually active with their testes producing sperm as in 
tina mating season? In other words, if feathers had been plucked from 
them, would not the new feathers have been like those already present? 
Desfnte the authcn^s statement that not a angle feathu- was molted, 
is it not likely that occaaicMially a feather must have been accidentally 
lost. If even (me had been lost and an eclipse feather had replaced it, 
ibe effect would not have escaped so keen an obeerveor as I^. Beebe. 
It seems to me not unlikely that an occasional featho* may have been 
loet and retraced by a nuptial one. If bo, then the results are most 
probably intopreted as due to the birds having remained sexually 
active. This condition suppressed the autimin molt, and at the same 
time would cause any single featiter loet to be like those still present. 
In support of such a ccmclusion I can ^peal to Beebe's statement that 
after a week in the light a full resumption of the song took j^ace. It 
is unlikdy that sexual maturity would be attained in so short a time 
unless the birds were already in the condition of sexual vigor. Perhaps 
one can appeal also to Beebe's other statement, vii, that after a sudden 
change in temperature, followed by a changed metabolism and loss of 
weight, the birds molted and assumed the eclipse (winter) plumage. 
Here I should interpret the facts cited possibly to mean that the males 
lost their sexual activity and in consequence developed the eclipse 
plumage. 

Until further information is obtuned judgment must be suspended. 
If, as Bedto's statements strongly suggest, the external conditicms, 
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acting directly on ihe "meti^xdiam," cause the efauigee obswed, tiwn 
the experiments mean that cotTironmcratal conditions affeet direetiy 
the developineut oi the nuptial and the edqise phmu^e; but if , as I 
Biggest here, Uw effects observed are due directly to the «iTironm«ital 
action thrau^ its effects on the testes, titta the results taXi more neariy 
hito line with those of Goodale on ducks, etc. 

C. Evidence fboh Auphibu. 

The thumbs of frogs enlarge at the breeding-season and shrink 
aftoirards. The enlai^ed thunUi is used by the male in clasping the 
female during oc^Hilation, axtA the rough papillc that appear over its 
surface at this time may also help to anchor the male in his precarious 
poution on the back of the female. Since the pads and thdr pi^ulln 
are used in copulation, they belong rather in the class of accessory 
oi^^aas of reprodueti(m than in the dass of seeondaiy sexual charactos. 
Smith uid SehuBto' state i<Jt Rana fusea that the testes are at their 
smallest edze in March and April aftor the breeding-season. From that 
Ume until August they steadily increase in size and reach their maxi- 
mum siae in Septonber. From Sept«nber to March they are inactive 
and full siie, untU tJie shedding of t^ sperm in March brings than 
Booa afterward to their lowest point again. It is to be noted that the 
increase after March is associated with the increase in divinm rate ci 
ihe spermatogonia. The ripening of the qierm is finidwd in October. 

This thumb-pads with their pigmoited papillK are "cast c^" 
immediatdy after the breeding-eeasrai, the thumb ronaining smootii 
from May to S^tember. The reduction of the pad is usually due to 
tiie reduction of the glands and the disiv^warance of the papilUe. 
Smith and Schuster state: "During the months vbxm the most active 
growth ot the testis is taking i^ace tjbe thumb-pads remcun inactive 
and smooth." The imi^cation, apparentiy, is that one ou^t to expect 
the growth in the thumb to take place when \he germ-oelle are most 
actively dividing, if its growth is connected with their activity; but 
there are no grounds for such expectations, because the influence of tiie 
gonad may have noUiing to do with the division rate of the germ-«ell8, 
but rather with interstitial or other cells, and even here less with thor 
diviMon rate than with their period of greater secretive activity. 

"Id August and September the epidermal pupills begiii to be obvious, aod 
fnnn this time onwards until about February a contiDUOus incieaae of the 
MMdemal pe^nlbe and pigmentation occurs. During the greater part of this 
time, when the titumb-pada are attaining their dtaracteristic rough and {ho- 
mented a4>peuaDG8, the testes remain inactive and uncbaoged — a fact whioi 
has beeD too readUy overiooked by writers on the correlatitm of the primary 
and secondary sexual chiuracters." 

Nussbaum (1900) and later Meisenheimer (1911) found that after 
castration the thumb-pads disappear. Smith confirms this npart in 
all essential respects, although in certain details concerning the papilla 
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he doM not agree wi^ the two former obeervers. His resuHs ^ow that 
eastration at the InvedinK-aeaBon is rapidly fdloired by the loss of the 
oater painllat«d lay^ d the thun^pads, but eaatoatim at ai^ otiier 
seasMi does not have "any mailed effect," the p^nlln rMnuning for 
6 mtnitiis and mcH« in Hna same ooodititm as at tiie time of castoatkm. 
The eflRntial p(Hnt here, however, is that the exoeestve and even 
q>ecial develofnnent at the breeding-eeasoD doee not take place nor is 
again assumed (apparratly), if castration has taken place at some 
other time of tiie year. 

Smitii and Schuster's attempts to tran^lant the testes into other 
males or feanales were unsuccessful, as tiie testes degen era te after a 
time. Auto-transi^antataon of the teetee were more auooeesful. 

Rono^ of the ovary had no effect an the thumbs of the female, 
sdA even the injection oi testee extracts into such females did not 
cause them to develop pads. Nussbaimi and Meiemheimer had 
found that transplantation of pieces of the testee, and even injecticm 
of teetee extract, into castinted frogs caused an enlaifement of the 
tiiumb^iadB. Smith shows that this oonoluson rests on uncritical 
evidmce. At any rate, his own naam carefulty planned expenments 
extending over the year show that the reeulte obtained by Nussbaum 
and by Meosenheamex may be acootmted for on other groimds than tiw 
^ect of the injection or implantation. 

The following statement by Smith is not without interest, since it 
bears directly on an important question as to how internal secretions 
may produce their effects. 

"The deduction, therefore, which has been unduly based on Nussbaum's 
experiments, that the testis of the fn^ eontains an internal secretion, which, 
on being cinnilated in the blood, calb for the development kA the aeoonduy 
sexual characters, either with or witiwut the mediation of the nervous system, 
is without experimental foundatitHL .... The fact that the developmental 
cycle <^ tiie thumb depends iixt \\s normal course on the presence of nomial 
Uving testicuW tissue can be equally weO explained on the theory that the 
testicular cells enter into a chain of metabolic procenes in the body which do 
not punue their nomial ooum in tiie abeenoe of the testicular cells. This 
diatfubaooe of the nonnal metabolic proceBsee of the body, resulting in the 
faUure of the metabolic organs of the body to ^ve rise to their nomal prod- 
ucts in normal quantities, may have the result of inhibiting the further devel- 
opment of the secondfuy sexual characters. The development of these tatter 
characters may depend, thentfore, not directly on the action of an internal 
seeretioo or honnone derived fran the gonad, but on the elab<»ation of other 
products in otiier wgans of the body in their due pt^poT^iosa. These sub- 
Btanoee may be tentatively called 'emial formative substances,' but we have 
no reaacu for supposing that they are entirely devoted to sexual or reproduc- 
tive purposes, and that they take no part in the ordinary metabohc processes 
of the body." 

Tlte arbiti-ary distinctions that Smith here sets up do not seem to 
me to contribute aoytjiing to the situation, and in fact in the end it 
unounts to practically the same thing whether the hormone acts 
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direcUy od some specific part of the body or idwther in drang so it 
acts on other parts as well. While it is more or less custconary to 
limit the Usrm "hormooe" to eubstancee that do produce spedfio 
effects in a particular oi^an, do one would, I suppose, deny that 
a substance was acting aa a hcamone if at tlw same time it acted on 
other parte of the body also, or even if its immediate action were on 
acmie part and its ultimate action on another part of Uw animal. 
Mweover, there is nothing in the evidence appeal to by Smith that 
supports one rather than the other contention. It is not apparent that 
the simpler idea of htamone action may not still ^>ply. Failure to 
implant the testes in castrated male or female, and fidlure of injectitnis 
to produce the results sought for, may mean no more than that the 
e:q>erimenter failed to fulfill some one of the conditions present in tlw 
normal fn^ at the breeding-seastm. Granting that the results rec<ffded 
by Nussbaum and Meisenheimer are (^>en to the serious objections, 
pointed out by Smith and Schiister, tiie facts reconied by all three 
writers indicate Uiat the maximum devdopment of the pad takes 
place when the testes are at t^eir greatest development and that the 
pad suddenly decreases if at this time the testes are removed. It 
would seem to follow that since the swelling is connected with the 
presence of a certain condition of the testes, its enlargement is to be 
referred directly to the latter, and the case comes under the general 
cat^ray of "secondary sexual differences," depending on the gonad. 

The secondary sexual characters of Triton cristaius can not, as can 
those of the frc^, be supposed to be mechanically useful in mating, but 
seem to be comparable in every respect with the secondary sexual 
ornaments of higher animals. The work of Bresca has shown that their 
devdopment is tmder the influence of the testes. The most important 
secondary sexual characters of the male are the dorsal comb and ^e 
i^te stripes of the tail. The comb extends along the doraal surface 
of the body and of the tail (with a sli^t dip in the pelvic r^on). It 
is fully devdoped during the breeding-season, when it reaches a hdght 
of 1.6 cm. In winto* it is only 0.66 nun. high, or even less. The white 
stripes also are fully devdoped in the tn«eding-eeaBon. They extend 
on each side from the cloaca to the end of the tail. In the female ^e 
white stripe is sometimes faintly seen. The angles of the tail and of the 
cloaca thickening are black-brown or black. The belly of the male is 
bii^t orange or "Zi^^ rot"; tiiat oi the female sulphur-yellow ot 
orange, but the difference is not constant. The upper surface of the 
head of the male is marbled, especially during the breeding-season 
almost disappearing durit^ the rest of the year. Bresca found, when 
tiie testes were removed from sexually mature males, that in the course 
of a year all the important secondary sexual characters disappeared, 
including ibe comb, the white tail stripes, and the marbling of the 
upper surface. Removal of the ovaries did not affect the characters at 
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ih» female. The U«ok lower ooriMr of the tail in the male is not 
ofaanged by eastntini. 

When iite skin almg tike middle line of the back of the f esnale is 
iat$amfianied upon Uie book at a nonnal fnale (in place of his own comb) 
tiie toaiiq)lanted tianie devekpe into a oranb. In otiier words, under 
tiw influenoe of tiie testis, the dorsal mid-4ine tiseuee of the female 
change into those ehazaeteristie d the male. When pieoee at skin of 
a male with the white tail stripes are grafted cm the side (A the tail of 
anotiier male, the stripe remains, but yritea grafted nmilariy on a 
female Uw stripe slowly disappears. The result shows that its fo^eence 
depeadBoa the testis. 

A remai^ably dear case ctf hcnmq^iroditism in amphibians was 
found by V. la Vallette St. Gera^. He found an individual of Triton 
ttmiatut that was outwardly a male with wdl-formed dorsal comb. 
In the intericr were two large testes in normal positicm and just 
lateral to these on each side a laif;e ovary. Seotions showed ripe sperm 
in the testes and typical ova in tlie ovary. Sperm-ducts were present, 
but no oviduets. llie p rc s sn ce of tiie testes will, of course, account for 
the devdopmemt ci tbe secondary sexual characters of the male. 

Other oases amcHigst the Anura have been reecatled by Loisel and by 
liarshaU, Speogel, and Knappe. In Uw eariy st^fes c^ the gonad in 
frogs there appears to be an henni^>hroditic stage in which egg mother- 
cells and spam motber-oella are both present, at least in those individ- 
uals that will later beoome males (Eusakowitsch). 

The normal hennapbroditism of certain fish (Serranua) and its rare 
occurrenoe in other species (recorded by Shattuck uid Seligmann) 
need not be recorded here.^ 

D. Etidincb raoM Cbtjstacianb. 

In the Crustacea the secondary sexual characters are not marked, 
except in a few cases. In the amphipods, Holmes has shown direct 
contact plays tiie chief r61e in mating, and in the crayfish it has been 
shown by Dearborn, Andrews, and Fearse that sex rec<^nition is largely 
tactile. Chidester also has shown this in crayfish. Even in orabe, 
and especially tiiose living on land which have well-developed eyes and 
good vision, secondary sexual differences are as a rule slight and the 
mating instincts simple. On the other hand, the encomous chela of the 
male of the fiddler is supposed to be a secondaiy sexual difference 
(mainly because no other use for it has been found). Pearse suggests 
tjiat the waving of this claw by tlte male is used as a sex signal, altbou^ 
he is disinclined to accept Alcock's view that it has become "con- 
spicuous fuid beautiful in order to attract the female." 

The meet remarkable case known of a change in the secondary 
sexual characters of one sex into those of the other was discovered by 

I Sm Uw l>ttw alw for ntenmom to LoMrfOia uid CMmte. 
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Giard in 1886. As a remit of utfeetion by panntio crustaoea (e. 9., 
Saectdina), the male crab develops the secondary sezoal tAtameten oi 
tiie female. It has been groetally sopposed, {(^lowing Giard, that 
this result is due to the deetnietuHi of the testes of titemale by theroote 
of 1^ parasite that inmtdes the wpaate between the crgaiu d tiie 
host, and, in the case of the testis, ultimately brii^ about its partial 
or complete destruction. Not unnaturally the results here were sup- 
posed to be paralld to those <4 eastratitxi in vertebrates, and reoaved 
in fact the name of "parasitic casteatirai." More recently Geoffrey 
Smith has studied this phenomenon in the ctab Inackus, infected l^ 
the parasite SaeeuHna, and has reached the conclusion that the change 
is not due to injury ta to destruetioB td the testes, but to a ehuige in 
the metabolism of the crab brought about by the parasite. 

Taking Geoffrey Smith's ease of InaehnuSaeaUina as typical, the 
changes brought about are as fdlows: Tlie paramtee attacii ^emsdvea 
to the young crabs before the external Moondary sexual differMMws hare 
appeared. In the females, the effect is to cause them to dsvtiap pre- 
maturdy the distinctively female characters. In the male, on the 
other hand, the nairow abdomen of the male diangee after a moH into 
the broad abdomen of the fonale, whidi also develops ovigerous 
appendages on its ventral surface like those of the female in every 
detul. The laiger claw of the male changes into that of the female, 
which is different in form as well as in size. Some years ago I wo.- 
tured to raise the question as to whether these effects on the male 
might not be interpreted as retention of the juvenile characters rather 
Uian development of the female characters in the male. IliiB might 
appear more especially the case in the somewhat more juvenile shi^ 
of the anterior abdominal appoidages and possibly also in the shape 
of the broader abdomen; but Smith has later shown that the results 
can not be interpreted as juvenile, for when the changed oigans are 
examined in detail they are found to differ from the same o]^;ans in 
the juvenile condition, and to be identical with those of the adnlt 
female. I think, therefore, that we must accept this intopretation of 
Giard and of Smith as correct. But Smith goes further and believes 
that the effects may be carried so far that egffi develop in the old 
testes; in other words, that the testis changes to an ovary. It seems 
to me that the evidence to support this last point should be much 
stronger than that advanced by Smith before we can accept this 
interpretation, for we lack the essential control for this evidence. In 
only a sin^e case were eggs found — in the testis of a male that had been 
infected, but from which the parasite had fallen off, and which .was 
presumably recoverii^ from the effects of its presence. Now, it is 
known that in the testes of scnne male animals a few eggs may occa- 
sionally be found i^ere there is no suspicion that the animal has 
changed its sex. In some Crustacea, in scorpions, and in insects, 
isolated instances (A this kind have been found. Abncmaal division 
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oi a qMRnatogcmial odl, of sudi a kind that both seat cfaromoecHnM 
(in ibe ease of iaaeeta at least) got into the same odl mi^t be expected 
to cauw siicdi a cell to become, vvma in the male, an egg-cell rather 
Uian a i^Mtm-oell. The degBneratiTe chmgee c^ the teetee in the 
bennit ctab caused by the parasite mi^t be imagined to favor 'siuh 
abnorm^ division with its eonsequenoee. Mc»e eignificant, howevo-, 
is the bet that the parasite causes the absorptifm of the ovary vhea 
h infects a young female, so that even all its eg^ disappear. In other 
words, the parasite is as injurious to the peculiarly female (H'gan as it 
is to tim testis. Why, then, ooe can not but ask, should an influence 
that caoses such effects on the ovary first di&nge a male into a female 
M IcuK as it is present ukI tiien when the puasit« has disappeared leave 
an influence behind of a land that causes the ovary to develi^) — an 
organ which the parasite destroys wbem the parasite is present? Is 
h not mere probable that only the secondary sexual (H^ans were 
dianged, without change in sex, the sin^ caee of ^gs obsored bong 
caused in anotherway? This point can only be settled by direct expw- 
imentationeilJMrl^ removi^ of the testis, by injuring it, or by injection, 
grafting, or feeding experiments. TheextentoftheteetisanditspoBition 
make it impossihie to remove it by an (operation, as I have found after 
repeated attenqita. It seemed easiea- to destroy it by radium. This I 
have tried to do, using very powwful tubes, treating the crab (fiddler 
crabs) tar several hours. The crabs had had one claw removed — the 
enormously large one — and were kept until the next molt, that occurred 
from a week to six weeks later. In none of the cases was any change 
produced. The large claw of the male regenerated, of course, not full 
size after cmly one molt, but after several nearly full size and always 
with the peculiarities of the male crab. The abdomen and the appen- 
dages were not changed. Whether the significant cells of the testes, 
if there are such cells apart from the germ-cells, wete destroyed, can 
not be told, for as yet the histological exanunation of the material has 
not been made. Until a successful operation has been done, I think 
we must heffltate to accept Smith's argument, although based as it is 
on a series of interesting observations. EUs speculation is as follows: 
"The reason why Saccidina causes the aaaumption of the adult female state 
in Jnacfau is found in the facta: (1) that the roots of Saceulina elaborate a 
yolk-substance from the blood of Jnachus of a similar nature to that which is 
dabiHated in the ovaries of an adult Inaehut; (2) that in order to elaborate this 
ydk-substaoce the roots take up from the blood of Inaekut the female sexual 
foimation substance, which is the neoessaiy material for forming the yolk; (3) 
that the female sexual formative substance bang absorbed by the Sacadiiia 
roots is regenerated in excess; (4) that the i;M«fleaoe of the fem^e ttumative 
substance continually circulating in large quaotities in the body-fluids of the 
infected crabs causes the production of ad\m female secondary sexual charac- 
ters, and, when the parasite dies, of yolk-containing eggfi." 

In brief, the evidence consists in showing that in the parasite a yolk- 
substance appears, which Smith says comes fron the blood of the crab 
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that producee it under the influence of the paradte. Incidattally, as 
it we9«, t^ is said to be the same yoUc-eubetance (but no Bufficlent 
evidence that it is the same is given) that the ^g stores up inside itself, 
and it is attumed that it is a f onnative substance that causes the oetl 
that gets it (or contuns it or secretes it — details are wanting) to 
become an e^-cell. It is the excess o( this substance produced by the 
male crab, while still a male, under the inflwoice (rf tihe parasite, that 
affects the abdomen and its app^Mlages in such a way that they assume 
Uie female condition. There are too many assimiptims in the ail- 
ment, some of which are scarcely of a kind that our knowiec^ ot 
devdopment, incomplete as it is, can allow us to accept without more 
direct evidence in Uieir support, to make this view very plausible. 
Until better evidence is forthcoming, I fail to be convinced by ftnith's 
interpretation of his facta. 

Into Smith's and Kobson's interesting observations on the blood of 
crabs, described in Smith's later paper (part 7, 1911), it is not necessary 
to enter here, since the evidence taken as a whole (^e» little further in 
nipport of his view than had beeai already assumed. The ai^ument on 
page 263 riiould not, however, pass unchallenged. Smith says: 

" It is clear that the old and familiar idea of an internal aecretion produced 
by the gonad being the stimulus for the development of the seoondaiy sexual 
flharacter could not be applied here, Binoe at the time that the alteratims in 
the secondary sexual charactera take place no ovary ia [weaent to give rise 
to the required stimulus. It is suggested, therefore, that in 8(Hne way the 
stimulus must reside in the roots of the iSaccuItna," etc. 

The argument seems to imply that, once the secondary sexual 
characters of the female can not be produced by an ovary in the infected 
male, therefore the Saeculina must take the place of the ovary. But 
why make such a supposition, for if the testes simply keep down the 
development of the feonale characters, as Giard supposes, there is no 
need either for an ovary or for a Saeculina to develop them. One might 
as well ai^e that since the cock does not develop the secondary sexual 
characters of the hen that an ovaiy is essential for their development — 
which is true, but not in the sense implied. 

Stamati (1888) states that he attempted to remove the testes of 
adult crayfish and apparently succeeded, but Bince no effects are 
expected imtil after a molt occurs (that may not take place for two 
years or more), no results wore obtfuned. Injections of the gonads 
with an add failed, dnoe the animals died. 

E. EnnBNCs iboh Imsxcts. 

In 1899 Oudemans succeeded in finding a method of removing the 
testes and ovaries frcnn caterpillars, using a dimorphic speciee, Ocneria 
dispar, the gipsy moth. The results were negative; none of the secon- 
daiy sexual characters of the male or female moths or the accessory 
organs ct copulation were in the least affected by the operati<m. The 
castrated male copulated as readily with the female as did Uie normal 
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mftle, while the spayed f auJes also bdia^ as nomud mdividuals of 
that HZ behave. Kellogg, in 1904, npeaied the same operation in the 
mlkwonn motJi on a small scale with the same Tesulte. Kopec and 
Mnsmheimer, in 1909, repeated in a more detailed way Oudemans's 
work. A further important addition was made by Kopec and by 
Mdsenheimer. They transplanted ovaries into a castrated male and 
testee into a spayed female. Neither gonad produced any effect on 
tike characters of the other sex. It is interesting to note that the testes 
underwent thur normal devdopment in the body of a spayed female, 
and even in one with the ovaries present, and that the ovary also under- 
went nonnal devdopment in th« body of the male. In other words, 
there is no intolo'anoe of the tjssue of one sex to the gonad of the other. 
Hub result is all the more imezpected, because other obsurations have 
shown that the color of the blood, and its chemical pr(^)ertie6, is quite 
different in the male and female moths of certain species. 

In the case of moths, therefore, if these cases be regarded as typical, 
the situation from the point of view of sexual selection is much simplor 
than in birds in the sense that the secondary sexual characters aie 
directly the product of the genetic constituents of all the cells, and not 
influenoed indirectly by the secretions from the testes or the ovaries. 
Sexual sdection, theref(H%, if it is an agent in the evolution of the dif- 
ferences betwe^ males and females, has acted on the genetic conq>lex 
to produoe these ^ects on eithw sex without the result being involved 
in the c<Hidition c^ the ovary or the testes. 

R^en castrated crickets, GryUttt campettrit, in the larval stages and 
found no ^ects on the adult structures. The castrated males chirped 
like normal males and mated with the females. Spayed females were 
like normal females; th^ bored holes in the ground, but laid no eggfi 
in than, of course, as the ovary had been completely removed. 

The only genetic evidence in the group of insects, outside of the 
vin^^ fly, relating to the secondary sexual inheritance of the second- 
ary sexual characters is the following important experiments made by 
Foot and Strobell: 

The male of one of the bugs, Evckithu varMariut, has a black i^t 
on the end of the abdomen — a E^t that is not preset in the female. 
Foot and Strobell crossed a female of this species to another bi^, 
E. aervw, that lacks the spot in both sexee. The daughters had no 
spot, tiie sons a faint spot lees developed than in variolariiu. These 
inbred gave (in Ft) 249 females without a spot, 107 males with a spot, 
and 84 males without a spot. The results are explicable on the view 
that a single dominant Mendelian factor, not-eex-Iinked, causes the 
spot in the males, but the presence of the gene in the female produces 
no effect. The effect, therefore, is sex-limited, i. «., its expressitm is 
detomined by the rest of the complex male or female. 

T1»e vwy important breeding experiments carried out by Gold- 
sohmidt on varieties of the gipsy moth shoiild be referred to in tias 
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eonnection, but aa I baive reoentlj reriemd these remiltB in tiiep^Nr 
on gyiiAndrcHnorptis written in oc^laboration with C. B. Bridgee,* I 
nwd only refer to that account here. 

[Note added April 21, 1919.] 

Shortly after the preceding paper was finished a theses by A. P^sard on the 
secondary sexual characters of birds reached me. In it the author gives an 
account of a number of experiments that he has made with poultry and with 
pheasants. His description of the changes that take pUce after eastratMMi 
are more eonct and tnore detailed than any othw so far recorded; but in gennal 
the results obtained by F^sard, through castration, are the same as thoee 
that had been obtained by othets. Castration of 4 male silver pheasants are 
reported. No change in the plumage results, although the changes that take 
^aoe in the comb and wattles are the same in kind as those observed in fowls. 
Tbe sexoal instincts and peonliaritaes of the voiee and tbdr bdlimency are also 
lost. Similariy 4 golden {dteasanta tiiat wne opnated on gave uie same naolta. 

Three pheasants with mixed plumage iPhaiitmut eoU^ait) were examined. 
Their testes proved, on histological examination, to be imperfectly developed. 
It is not evident what relation existed between the (acts and the mixed plum- 
age. The suggestions made by P^sud seem inadequate to cover the cases. 

Testicular tissue transplanted into eastrated cocks whose oomb, wattW, 
ete., had undergone retrogressive changes brought about a return to the nonnal 
ccmditiooB aft«r an interval during which the imi^Umted nodules had b^un 
to regenerate. 

Testicular extract from the cryptorchid testes of swine was injected into 
castrated cocks. In one case this resulted in a rapid growth in size of the 
oranb, which, after 2 months, had reached its full aM». Cessation of the injeo- 
tions led immediately to a ceesatiaD of growth. Before injection the bird 
exhiMted the pacifistie characteristics <rf the ciQ>on, but the injectirais Iwought 
out little by little the aggressive behavior of tbe nonnal nude. The voice 
reappeared and "nous assistons & une veritable crise de puberte." 

A histological study of the testes of the fowl and of pheasants showed that 
maiAi connective tissue is charaoteristic of young birds. In the adult cock, 
and during the mating seaacm of the pheasant, the connective tissoe beoomea 
lai^y crowded out by tbe enlaivement of the tubules. F6iard concludes 
that the "interstitial " cells in birds have nothing to do with the secondary 
sexual characters, but that these come rather under the influence of the ger- 
minal cycle of cells of the testes. The submergence of the connective-tissue 
cells of pheasants during the breedii^-eeason and their reappearance during 
the rest of tbe year might ai^iear to have some r^ticm to tbe facta that I 
have recently described in Sebrights, but as tbe nuptial i^umage of tbe male 
remains tbe same throughout the year we can not ascribe any duect influence 
to this tissue. Nevertheless, the different tissues of the testes in birds that 
show seasonal dimorphism of plumage should be carefully examined. 

P^sard made a few observations on bens whose ovary had been removed. 
Bis results are in accord with those of Goodale, except that be thinks that the 
ovary has no influence ui the erectile oigans (oconb, etc.) which acquire in the 
q)^ed bird the same lengA as that of the normal female. 

Two hens showing male characteristics and a pheasant simUarly affected 
are described. In aS three casee an examination of the ovaiy was found to 
be undeveloped or abnotmal. 

> Caniasl« Id^ Vuh. Pub. No. 278, IBIS. ~ 
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PART IV. 

SUMMARY AND CONCLUSIONS. 

1. Hm two prineipAl reeulta (Attained were: (a) that castratitHi of 
hen^eathered Sdarii^t malefl causes them to devel<^ the full plumage 
diaracteristie of the eock-bird; (b) that c<xnplete hen-feathaing is due 
to two domiiiant Mendelian genee. 

2. A striking ehuige takes place whok the Sebri^t male is eastrated 
(jAaAe 1, figs. 3, 4; plate 3, fig. 1). The new feathers on the uppw 
surface of the head, neck, back, wings, rump, and tail-cov«^ assume 
a differoit oolo* and djetribution of thear pigment; they take on a new 
Axpe, and in those regions ^riiwe in the cock the barbules aie absent 
from a part at tJM margin of the feathea*, the same absence occurs in the 
castrated Inrds. Such feathers are present on the neck, back, wing- 
bow, and rump. The tranmtion is shown in the figures in plate 6, 
where for cnnparison one of the old and one of the new fearers lie 
side by side. The tail-coverts in the hoi-^eathered bird are short, and 
like those in the hen do not cover the true tail. After castration they 
become ezoessiTely loi^ — longer, in fact, than in many cocks — and 
cover the true tail feathers. The toil feathers themselves, moreover, 
beccnne increased in length, as do the posterior row of feathers of the 
wing-oovertfi. On the breast and sides the change is less marked. The 
castrated Sebti^t loses his erect carriage, but how far this is due to the 
changes in his plumage and how far is real (as a result of a new balance 
due poflsibly to the lengthening tail and its coverts) I can not decide. 

3. While castration causes the hen-feathered male to make addi- 
tions in color, length, and siie of many feathers, it causes at the same 
time the other retrogressive changes characteristic of the capon (a 
castrated cock-feathered bird); the c«nb and wattles shrink and 
become pale, the birds almost cease crowing, and become timid. They 
do not make much effort to mate with the hens, but when they do they 
show the usual copulatory reactions. 

4. If feathers are removed at the time of castration, the new feathers 
show the full effect oi the removal of the testes, althou^ they must 
have begun to develop immediately afterward. It is su^eeted that 
by means of this delicate test the time relations of the internal secre- 
tion can be profitably studied. 

6. Feathers that may have started thdr development at the time 
of the operation show the dd infhience at the tip (A the feathers 
(plate 10) axuA the new one in the rest of the feather. The change is 
abrupt, Although the transition is perfect. 

6. Incomplete castration of the hen-feathered male leads to smaller 
changes in the same direction than those following complete castration. 

Where such small pieces of the testis were left that complete cock- 
feathering fdlowed, the bird slowly changed back to hen-feathering 
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as the testes b^an to regenerate. When the Tegeiierat«d pieces were 
removed Uke bird became cock-feathered again. 

7. One Sebright male whose testes appear to have been completely 
removed did not change the character of the plimiage. No teetee were 
foimd on autopsy. It is su^ested that some other endocrine organs 
have taken over the function of the testes, but as yet none such can be 
indicated. 

8. In one case an old hen-feathered (Fi) male began to change over 
to cock-feathering. It was found that his testes had dwindled (prob- 
ably through disease) to very small size (10 by 5 mm.). 

9. The Fi male of the cross between the Sebright and game is also 
hen-feathered (plate 2, fig. 1). After castration he becomes cock- 
fotthered (plate 2, fig. 4) and shows thereby the genetic type of the 
heterozygous cock-feathered class in which his hen belongs. The 
change in this male is even more strking than that in the Sebright. 
The change in the individual feathers is shown in plate 7, figs. 1 and la. 

10. Three types of Fj hen-feathered castrat«d males are shown in 
plate 2, figure 3, and plate 3, figure 3 and figure 4. The first was 
a dark bird that changed to a lighter red above. The third a gray 
bird that became bright red; the second was a light yellow that became 
de^ yellow, etc. The class of hens to which such males belong, as 
cock-feathered birds, can thus be found out by castration. In tiiis way 
the Fs, and back-oxMs, hen-f«ithered cocks can be classified witii the 
conesponding Fj cock-feathered males. 

11. In tiie Ft generation, made up oi birds from the direct and 
reciprocal crosses taken toother, tbere were 29 hen-featiierod and 
26 cock-feathered males. In the back-cross (Fi hen by game male) 
the claasea were 2 and 7. The results seem in bett^. accord with 
the assumption Uiat two factors are present in Uie Sebri^t that stand 
for hai-featheoing; tJiat either alone wilt give hen-feathered birds 
(intermediate typ>e?), but that both t<^thw give tJie extreme type of 
hen-feathering seen in the Sebright. 

12. The difference in color in ihe two racee (Sebright and Black 
Breasted Game bantams) is very great. The former have almost 
uniformly laced feathers, while the latter has ihe varied plumage of 
t^ jun^e^owl. The game is strongly dimorphic in color and color- 
pattern ; the Sebright has the same type of coloration and pattern both 
in the male and female, but this is deceptive, as castration shows, 
because the castrated male is as strikingly different from the norm^ 
Sebright female as is the cock of other birds from the ben. The 
resemblance of male and female in this race is due to Uie sufipreencHi 
of the true male i^imuge by something produced in the teetee. Th««- 
i<ae Uie heredity of dimorphism reedvee itsdf here into the problem 
of the heredity of hen-feathering. That tiie female Sebright has the 
suae gKietie factors as the male is shown by the fact that she trans- 
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mitB hen-feathefing in the aame w»y as does the male, and also by the 
fact, as Darwin pointed out, that an old female Sebri^t whoee ovaries 
had d^^erat«d developed not the hen-feathered plumage of her own 
cock, but cock-feathered plumage like that of most male poultry. 

13. The color of the Fi birds is shown in plate 2, figs. 1 and 2. In 
graieral, the feathers are stippled, black and light yellow being the two 
most coDspicuoiis ingredients. Since hen-feathering dominates, the 
dimorphism is absent, or at least is so slight as to not attract attention 
— littte more, in fact, tJian in the Sebright race. The carriage of the male 
is like that of the Sebright male. The Fi miale and female are alike in 
the direct cross and the reciprocal, or at least no consiHeuous difFer- 
ence is found between tiie two classes of hens, indicating that no impor- 
tant sex-linked factors are involved in the cross. 

14. The Ft birds show a great variety of color and pattern, but those 
obtained can be ^pnmmately grouped into 16 elates. The classes 
are, however, admittedly not uniform, indicating minor factors not 
here reckoned with. The classification of the hens is easiest; the F] 
hen-feathered males can tJien in many cases be referred to the proper 
classes; the Fj cock-feathered males can not be accurately classified 
with their correepondiog bens, except in the case of those that resemble 
the two Pi males, the Fi male, and t^oee that castration experiments 
of the hen-feathered moles have shown to bdong to certain hen types. 

15. Despite the admitted difficulties of classification, it is suggested 
that ibiee factor-pairs of differences will cover the main color classes 
seal in the Ft and in the back-cross. One or two of these seem to be 
incompletely dominant, since the Fi birds are not like either parent in 
any single characto*, nor are they like tiw wild type in so far as this is 
represented by the game. 

16. A histological examination of the testis of the male Sebright by 
Boring and Morgan has shown that it contains cells like tiiose present 
in the ovary of all breeds of poultry. These cells are called luteal cells 
by Peari and Boring, from their resemblance to the cells of that name 
found in the corpora lutea of mriRmmf'^l'' In the mam mala aimilar cells 
are supposed to produce internal secretions that act as hormones. 
Their function in the female bird is unknown, but the fact that aft^ 
the removal of the ovary the female develops tJie secondary sexual 
plumage of tJie male suggests that some secretion from these cells 
performs this function. Their occurrence in the male Sebright and their 
complete absence, or paucity, in the males of other races supports 
strongly the view tiiat these cells are concerned with the suppression 
of the secondary sexual plumage. 

17. While in nnfimtirvLlH the interstitial cells have been supposed to 
produce an internal secretion that causes the devdopment of some of 
the secondary sexual characters of Uke male, and the fuller elaboration 
of others, in birds no such connection exists, if we except the case 
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of the Sebri^t. CaBtratiim of ordinary males does not affect deleter- 
iously the secondaiy sranial plumage (although it does the comb, be- 
havior, etc.), Id fact may even enhance their effects. But, while in 
the wiftTTiTnA.! a secretion is necessary for the full development of the 
secondary sexual characters, in the Sebright a secretion inhibits certain 
of them. What element in the ordinary bird and in the Sdsright 
causes the full development of the comb, wattles, sexual behavior, etc., 
is not known. Possibly it is the sexual elements ihemselves, but 
poB^bly it is a secondary influence of the luteal cells producing a con- 
toary effect on these parts from its effects on the feathers; but possibly 
more than one kind of secretory cell is present in the testis of the cock. 

18. The causes of the development of the secondary sexual characters 
are seen to be of such diverse physiolt^cal kinds that one may well 
hesitate to apply the same explanation as to their evolution. In fact, 
it is pointed out that several of the theories that have been su^ested 
run counter to the conditions that bring about the development of the 
secondary sexual characters. 

19. An attempt is made to give a critical review of Darwin's theory 
d sexual selection in ihe light of the modem genetic and op^^tive 
results on the secondary sexual characters of the vertebrates. It is 
pointed out tiiat far from extending the g^ieral theory in its applica^ 
tions, the modem work has shown in the first place that the tmderlying 
conditions that call forth the development of the secondary sexual 
differences are so diverse in the different groups of a-nimAla that it is 
a priori very unlikely that this evolution can have been directed by the 
same external f^ent, such as the choice of the female, for such an 
assumption carries with it in several cases other imphcations conc^rung 
ttie causes of the suppression of these same characters in the female 
herself, etc. In the second place, it is pointed out that the iHt>blem of 
the excessive development of certain characters in the male whose 
gence are present in both sexes no longer oppresses us as it did Darwin, 
for it has been shown both by the genetic and by the operative work 
that a single fact<»ial difference may be at the root of exceedingly 
great diff^ences in the individual. Such results, while they admittedly 
do not in mott caaet tell us that the differences involved have arisen 
at a single im>grefl8ive step, show us nevertheless that such differences 
may de^nd on very ample initial differences, and if so, the entire 
problem becomes oimnously simplified. To Darwin the excessive 
development of color and ornamentation appeared due to a long, slow 
process of evolution laboriously brought about by the female through 
selection of those males a little more ornamented than their fellows. 
To-day we have found out that in many cases the gmetio composition 
d a male with such ornamentation and of a female without it may be 
almost identical, except that the genes in one chromosmne are duplex 
in one sex and simplex in tiie other. Owing to this initial difference, the 
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female in birds produces an internal secretion that suppreeeee in her 
the ornamentation shown by the male, and in the TnammRl an internal 
secretion produced by the teetee causes the full development in the male 
of the secondary sexual characters. If, as seems probable, these secre- 
tions are some particular kind of substance, the condition that led to 
their appearance historically need not have been very complex; and 
if not, ^e problem appears simplified. It still remains to give some 
reasonable explanation as to why such substances should continue to 
be produced if th«r products — the secondary sexual characters — 
poBsees no "beauty" for the female. Here more work is necessary, 
but the modem genetic point of view may possibly give an important 
clue. We are coming to realize more fully that the hereditary g«tee 
generally have more than a sin^e effect on the characters of the animal. 
The secondary sexual characters may, then, be only by-products of 
genes whose important function hes in some other direction. If, for 
example, the secretion produced by the cells of the male have an 
important influence on his output of energy, or stretch, or activity, 
their secondary influence over certain parts of the body would not call 
for any further explanation tm the modem view of natural selection. 
If the secretions of the ovary of the female bird have some direct rela- 
tion to her physiological processes that are important in the develop- 
ment of the oviduct, for instance, it would be a matter of no importance 
from an evolutionary point of view if that same secretion suppresses 
in her the development of the high color shown by the male. 
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DESCRIPTION OF PLATCS. 



Fun I. 



Fia. I. BIwAi-Bnaflted Oune bttntom ooek. He ia fypicftlly oock-^nthend, but, as in *11 
gunce, his liAckleB and tMl-corerts an Bfaort«r than in Um oocke ot other 
breeds. The oomb mm dubbed by the breeder. 

Fia. 2. Bbdc-Breuted Gune bwilam fara. The greftt oontrast in ooIot between the eo^ 
and hen is fffsetioallr the asme as that in the Brown Lef^wm, in most rues 
of Toea fowls, and in Um wild tjrpe OoUim hankiea. 

Fig. 3. Sebright cock, "hen^eathered." The short hackke, the rounded feathera of the 
back and saddle, uid the shortnan of the tait-oorerte are chaiaeteristie 
featuree of these make. For details of indiridual featbere from different 
regions see plates 6 and 8. 

Vm. i. A castrated Bdiright male. The drawing was made about a year after the opera- 
tion. Hub partioular bird devdoped a lighter color than did other castrated 
Sebrigbts (see plate 3, fig. 1). The mtire dorsal region has chatted its oolor, 
and the featbws have also changed in shape, length, eto. Note eqieeialljr 
the very long buUe and saddle feathen (for details see jdate 6, fig. la) and the 
diange in the wing-bow. The tail-ooverta have abo grown long. 

Plats 2. 

Fia. 1. Fi ben^eatherad male out of Oame by Sebri^. The hen-feathering in this biid is 
aa complete as in the Sebright. 

Fio. 2. Fi female out ot Qame by Srtuight. 

Fia. 3. CsBtMtedmaleorigiiMl]rhea-feathered(203), neMlyblaekinc4dor,asa))ownbytbe 
individual feaUMn of plate 7, figure 3. After castration the bird has become 
fed above, with black iridescent tafl-coverts, and deeper yellow (mred) bdow. 

FlQ. 4. Castnted Fi male, oii^aaSly like figure 1. Note especially the diange in ookt (rf 
the whole upper suifaoe that has beeome red, like that ot the jungJe-fowL 
The tul-eoverta have grown long and are now iridesoent blaek. The breast 
has changed least, but ia a richer fellow. The comb and wattles and ear 
lobes are BhrunkeB, as in aO capons. 

Flam 3. 

Fls. 1. A easbrated Sebright male. Tlie operation was petformed on a juvenile bird; the 
drawing waa made a year later. The bird is typical as to the change in color 
Uiat takes jdaoe in the Sebii^t. He was darker red than the bird shown 
in plate 1, figure 4. The red was more mahogany than the picture shows. 
The ori^nal feathers were like those in plate 0, fig. 2 (tboe erroneously 
referred to aa tboae of tight-colored Sebriidit). 

FlQ. 2. An Fi ben^ettthered very duk male. The condition of bis plumage at the time of 
the t^Mntion is shown in this figure. The change that took place after castra- 
tion is shown in the next figure. 

Flo. 3. The diange ibat took place in the bird drawn in figure 3 ia shown here. The whc^ 
unwr suifaee hss becMue rad, except Hm tail«ovcrts, irtiioh are iridescent 
UadL Note also tbe change in odoi on tlM wing-bow. F<v the details of the 
feathers see jdate 9, figures 1, la. 

Fia. 4. A ta rt rated Fi Urd tttat had been hen-feathered and had changed over to oo<^- 
featheiinft as shown here. The color and the details ot the original hen- 
feathering in shown in plate B, figures 2 and 2a. 
lOS 
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Pun 4. 
Fio. 1. One erf the origiiul fibt^-Breeoted Game males used in the breedmg arpa im anta. 

Compare with ooSond drawing, plate I, 6gure 1. 
Fio. 2. A Bfatck-Breaated Game ben used in the breeding ezpcnments. Onnpan with 

oobxvd drawing, jUitte 1, figure 2. 
Fia. 3. ASetiri^male. The bird was used in the later bac^-croMM and sot in the ocit^nal 

- experimenta. He is typical of hia breed. 
Via. 4. A Sebright female. One of the birds lued in the (viginal eiper im «nta. 
Flo. 5. An F| mala. This bird had just readied maturity and was younger tium the one 

drawn in plate 2, figure 1. 
Fia. 6. An Fi hen at the same age as the last. The pattern nhanged a little as the bird 

became older. 

PlatbS. 
VtQ. 1. An adult Sebri^t male for ocMnparisMt with the next figure. 
£te. 2. A castrated Seinight mole. This pbotognqih shows the same bird fn»n whieh the 

drawing, plate 1, figure 4, was made. It is the lighter colored turd rrfetted 

to in the text. 
Fio. 3. One of the two Fi castrated birds. Far ennparison see the ocd«ed drawing in 

plate 2, figure 4. 
Fig. 4. A castrated Sebri^t. Tbia bird is daifcer, and in thk sense more typieal than 

figures. 
Fio. S. One of the castrated Setvight males which at one time after castration was as 

cKtreandy oodc-feathered as figure 2, but slowly "went back" towards hen- 

feathetimg, as the figure shows eqwoiaDy in the hadile and saddle. The 

details sre much beMer shown in the feathen jidMtographed in plate 8, fignrea 

1, 2, 3, 4, Id, 2a, 3a, 4a, lb, 2b, 3b, 4b. 
Fio, 6. lie same bud was opoied and Uie regeooated pteoes ot the teatiB remored. He 

ntumed later, as diown here, to full ootdc-feathering. 

PLA«e. 
Fras. 1, la. Typical old (1) and new (la) feathers (after castntion) of the same bird. This 

is the "lighter" male <bawn in plate 1, figure 4, and photographed in plate 

5, figure 2. 
Floa. 2, 2a. Typical old (2) and new (2a) (after castration) feathers of anotber Bebri^it. 

This bird develcqied after oastratioa dailcer feathers tluui did the last bird. 

Its feathen woe more like those that other castrated Sebri^ts dvrdoped. 

Legend on plate 6 cRoneous as f ar as 3 and 2a are oonoecned. 

Plate 7. 
FloB. 1, U. lypiaal old (1) and new (la) (after castratioti) feathers of an Pi bird. (Sea 

plate 2, fignrea 1 and 4.) 
Fioe. 2, 2a. "fypical old (2) and new (2a) (afta- castration) feathers ot turd shown in plate 

3, figures 2 and 3 (No. 2B2). 

Puis 8. 
Typieal feathers ot "daA" Sebri^ (1, 2, 3, 4) that after iuocmiplete castiatkm changed to 
eodc-teatlMring (la, 2a, 3a, 4a), tiMn later, as pieces ot the testes that had t>een 
left behind in the old sitns regenessted, Iiegaa to go back towards hen- 
featliering (lb, 26, 36, 4b). The bod was then opned again, and the regeoer* 
ated pieees remored, whea it again beoame om^-feathoed (Ic, 2e, 3e, 4e), 
and has so remained for more than a year. 
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Flati9. 
noa. 1, lA. Typical feathers of hackle and saddle fnxn ho^eatbend bin! (No. 9S) 

pUte 3, figure 2, that ohaaged over to the e04^-featlurad bird of plate 3, 

Fios. 2, 2^ Typical feathera of an Fi male (2) that ohangedovOT partly as a result of degen- 
watioa of hia testes, into a eo^-4eatlwred bird (2a}. The diao|e was not so 
peat as it is after oastratim. 

Fios. 3, 3a. Typical feathen of Sebri^t male that slightly changed towards ao4^-f eatbering 
(cjd hadde feathw missing). 

Plats 10. 
FioB. 1, lA. 01d(l)andiMw (1a) whig-«OT«-ta of a<ninalSdwi^t(l)utd castrated (1a). 
FiQS. 2a, 2b. Upper row, to ri^t, "Transitiona]" badde featbers (3a), and a slightly 

bt<ff changed-oTO' feaUter from wing-bow (2a), and f rmn baiA (2b) . Second 

row, to left, old (2), transitional (2a), uid changed-orer feather (2b), from 

saddle of Sebri^t. 
no. 3. Three [eathen (tail-oovat, wing-bow, and saddle) of an Fi heit-feathered ganw.like 

male. 
Fia. 4. A series of breast feathos from an F, bird. At one end of the series (the Uf t) the 

feather is QMtngled, at the other baned. 
Fro. £. A series of breast feathen from another Fi bird. At oike end of the series (the 

left) the feathws aie psnoiled, at iho other end they are barred. 
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r Hantain male. 3. Sebrii^ht male. 

A. Castrated Sebrighi male. 
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1. Hen-feathered F, male. 3. Castrated F, male. 

2. F, female. 4. Castrated Fi male (Fig. 



lie (Fig. 1). 
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rated male. . -, . 
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1. Black-BreaBtcd Game maJe. 2. Black-Brciialod Gunm fpnialc. 

3. Schriaht male. 4. Sebright female. 

5. Hybrid male. 6. Hybrid female. 
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2. Cnstrntcd Sebrieht male. 
4. Anolher cnstratisi SebriKhl. 
rcgenernting, 6. Same as 5 iifter second renii 



lyal^ot testes. 
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Featliers of "lighi" colored Si'brigln (1. 2) ihat changed to cock-feailie 
Itr caslralion O'. 2*). 
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r (1.) 
after (2") castratii 
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